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.TUMMARY 


This  memorandum  describes  the  aimo,  concepts,  and  methods  of  military 
ccjl  analysis  ao  developed  by  the  Coat  Analysis  Department  of  Hie  HAND 
Corporation.  Like  the  195 6  report  on  Weapon  System  Coat  Methodology,^ 
which  it  replaces,  the  present  memorandum  Is  concerned  basically  vith  the 
estimation  of  costs  for  proposed  military  activities  so  that  Informed 
choices  can  be  made  among  them.  It  extends  the  earlier  report  by  consid¬ 
ering  In  more  detail  the  underlying  principles  of  cost  analysis  (Chapter 
I) ,  and  by  describing  methods  for  analyzing  the  costa  of  total  force 
structure*  as  veil  as  individual  systsms  (Chapter  III). 

In  Chapter  II,  the  earlier  cost  categories  are  refined,  particularly 
by  the  provision  of  categories  for  researoh  and  development  aotlvltlee 
vhlch  now  constitute  an  increasing  share  of  ay stem  costs.  By  generalising 
methods  and  examples,  the  scope  of  analysis  is  extended  to  support  end 
control  systems  as  veil  at  weapon  systems.  In  Chapter  IV,  the  usefulness 
of  cost  sensitivity  analysis  is  explained  and  illustrated  by  examples. 

Hie  appendix  describes  detailed  methods  of  estimating  system  manpower 
requirements. 


Hie  RAND  Corporation,  Roport  R-287,  February  1,  1956,  nov 
withdrawn . 


PREFACE 


Prograss  in  coat  analysis  has  continued  at  a  rapid  pace  since  the 
publication  of  our  Weapon-System  Cist  HethcdolotO'  in  1956-  New  insights, 
now  leohnlquca,  and  new  applications  have  developed  so  rapidly  that  when 
we  undortook  to  bring  this  publication  up  to  date  it  seemed  desirable  to 
moke  a  completely  fresh  start.  The  result  is  the  present  memorandum:  an 
ontiroly  new  work  rather  than  a  revision  of  the  1956  report. 

The  1956  report  broke  new  ground  in  describing  a  mathodology  for 
making  cost  astlmates  for  complete  weapon  systems:  not  only  for  tha 
weapon  hardware,  but  also  for  all  related  elements  of  the  system,  including 
facilities,  equipment,  materiel,  services,  and  personnel.  Those  who  are 
familiar  with  the  earlier  report  will  recognize  the  substance  of  It, 
although  somewhat  modified,  in  Chapter  II  of  the  present  memorandum.  The 
most  important  development  here  has  been  the  introduction  of  an  additional 
major  coat  category  providing  for  research  and  developmant  activltias,  in 
recognition  of  the  fact  that  these  activities  may  now  represent  as  much  as 
20  or  30  por  cent  of  t~tal  system  cost. 

A  few  words  may  bo  in  order  to  explain  the  change  of  title. 

Wills  the  earlier  report  dealt  with  the  weapon  in  the  broader  context 
of  a  weapon  system,  the  present  memorandum  goes  further  by  dealing  with 
the  system  in  the  broader  context  of  a  total  force  structure  comprising 
many  ayatems  and  varlouo  non-system  activities.  Moreover,  control  and 
iupport  oyotemo  an  well  as  weapon  systems  arc  considered  here.  Our 


The  HAND  Corporation,  Report  R-207,  February  1,  1956. 


.  .  ,  .  .  % _  _ _ _ _  nxocctation  that  they 

t  i[>*r:i  iiuvc  w««n  ow,"w - 

will  be  Increasingly  applied  outulde  the  weapon  system  field,  perhapn  even 
In  the  coot  analysis  of  non-military  systems. 

Finally,  we  uoe  tho  word  "analysis"  rather  than  "methodology,  to 
emphasize  that  the  work  of  coat  eotimation  cannot  be  completely  reduced  to 
routine  operations.  It  requires  a  refined  methodology,  but  it  also 
roquirea  professionally  trained  insight  and  Judgment.  Oiapter  I,  'The 
Alms  and  Concept#  of  Analysis,"  offers  general  guidance  by  considering 
seme  of  the  problems  underlying  the  choice  of  particular  techniques. 

Among  other  concepts,  the  present  memorandum  emphasizes  the  basic 
Importance  of  sensitivity  analysis  in  realizing  the  full  usefulness  of 


cost  estimates. 

The  vast  quantities  of  data  gensrated  in  total  forco  cost  analysis, 
and  the  numerous  variations  of  the  same  basic  data  required  in  cost 
sensitivity  analysis,  indicate  the  need  for  electronic  data  processing 
methods.  EDP  has  been  adopted  at  BAND,  and  lta  use  1»  described  here. 

Seme  of  the  differenced  from  the  1956  report  reflect  the  great 
changes  in  military  technology  which  have  occurred  in  the  last  five  years. 
Our  earlier  examples  were  drawn  mainly  from  type#  of  manned  aircraft; 
here  we  consider  also  missile,  electronic,  and  space  syatems.  We  have 
brought  our  references  up  to  date,  and  have  indicated  new  and  better 
sources  of  data.  It  must  be  admitted  frankly,  however,  that  while  there 
has  been  improvement  since  1956,  the  data  available  from  the  military 
budgeting  and  accounting  systems  still  leave  much  to  be  desired  from  the 


There  in  still  too  little  data  furnished 


noim.  of  vie-  or  cost  analysis 

■» 

in  terms  of  meaningful  end-product  activities. 

We  are  fuller  conscious  that  the  treatment  of  coct  analysis  which  wo 
offer  here  still  leave*  a  great  deal  requiring  further  development,  both 
In  concept  and  In  method.  In  particular  we  recognize  that  changes  In 
technology  affect  not  only  the  type*  of  military  equipment,  but  also  the 
processes  of  manufacture,  the  training  of  men,  and  the  organisation  of 
the  activities  concerned  with  Introducing  and  operating  the  new  equipment. 
To  keep  pace  with  these  changes,  methods  of  coet  analysis  must  also  change 
and  improve. 

For  tills  reason,  we  hop*  that  the  present  memorandum  will  reach  a 
wide  readership  and  will  stimulate  an  exchange  of  Ideas  among  persons 
working  In  the  field  of  coet  analysis.  This  purpose  can  best  be  >>rv«d  If 
the  memorandum  can  be  circulated  freely,  and  this  require*  that  It  be 
written  so  as  to  avoid  the  use  of  proprietary  and  security  classified 
Information.  Detailed  procedures  and  results  and  'ne  values  of  coeffi¬ 
cients  In  estimating  equations  therefore  have  had  to  be  excluded. 

Like  the  199C  •••port.,  this  memorandum  Is  not  the  work  of  a  single 
Individual,  hiany  colleagues  in  Industry,  In  the  Air  Fores,  and  elsewhere 
In  RAND  have  given  their  help.  However,  this  work  is  in  a  special  sense 
based  or.  the  contributions  of  ay  colleagues  lti  the  RAND  Cost  Analysis 
Department,  to  all  of  whom  I  acknowledge  my  indebtedness- 


Sec,  e.g.,  David  Noyick,  "The  Federal  Budget  as  an  Indicator  of 
Government  Intentions  and  the  Implications  of  Intentions,"  Business  and 
Economic  Statistics,  American  Statistical  Association,  1959- 
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v  ,  Thii  reaearclu*  Mior.sored  by  the  United  Slate*  Air  Force  under  Project  KANO  -  Cor.- 
1 13‘  }C*Ot\  tract  No.  Atwteffl.700  -  monitored  by  the  Director*!?  ol  Development  Planning, 
~Wpuly’Otiel  or  Staff,  Research  «nd  Technology,  Ha  USAF.  Viet**  or  conclusion*  con¬ 
tained  in  thii  Memorandum  should  not  be  interpreted  as  representing  the-  official  opinion 
or  policy  of  the  United  State*  Air  Force.  Permission  to  auete  from  or  reproduce  portions 
of  this  Memorandum  must  be  obtained  from  The  RATO  Corporation. 


of  this  Memorandum  must  be  obtained  from  The  I 


>  Corporation. 


■Mill) 


MAIN  |l  *  UNI*  «ONI(A  *  CMIfOtMIA- 


Copy  ny  in  (0  I  Vo  I 
’  »l t  HANLi’OMJ-Okrt  MON 


te  o  m?1j- -  ’JiJVvyj 


CONTENTS 


IW-2695 

-lx- 


LX!?r  OK  FIOURES 


LIST  OK  TAULE3 


Chapters 


A HD  CONCEPTS  OF  ANAI.Y3I3 


JT  ANALYSIS  CF  INDIVIDUAL  SYSTEMS 


Investment  Costa .  17 

Installations  .  19 

Equipment .  24 

Stocks .  35 

Initial  Training .  36 

Miscellaneous  Investment  .  40 

Operation  Costs . , .  42 

Equipment  and  installations  replacement  .  42 

Maintonar.ee . 44 

Training  .  .  46 

Pay  ana  allovuni-  .  47 

Fuels,  lubricants,  and  propellants  .  ,  .  47 

Services  and  miscellaneous  .  43 

Intermediate  and  support  major  command  operation  .  .  50 

Research  and  Development  Costa  .  50 

System  development  .  2 

System  teat  and  evaluation .  _,k 

Other  system  research  and  development  costs  .  57 


III  COOT  ANALYSIS  OF  TOTAL  FORCE  STRUCTURES 


Force  Compo,  ltion  and  Acuit.p^ions 


Incremental  Costing  and  Long-Term  Programming 


Coats  as  Expenditures  and  as  Program  Requirements  .  . 


Mission  and  Other  Lower-Level  Cost  Analyses 


Sensitivity,  Tlmoiincos,  and  Clarity 


Coot  Categories  Reconsidered  .  7U 

Investment  costs  .  71 

Operation  coots .  71 

Research  and  development  costs . 74 


CONTENTS 


SUMMARY  .  .  .  . 
PREFACE  .... 
LIST  OF  FIGURES 
LIST  OF  TABLE3 
Cliuptera 


iti 

v 

xl 

xi.U 


I  AIMS  A  It’D  CONCEPTS  OF  ANALYSIS 


II 


III 


COST  ANALYSIS  OK  INDIVIDUAL  SYSTEMS  .  . 


13 


Investment  Costs  . 

Installations . 

Equipment . ’  ’  ’  j  ‘ 

Stocks . !!!!.'!..! 

Initial  Training . '  ]  ’  ’  [ 

Miscellaneous  Investment  . 

Operation  Costs . !  !  !  !  . 

Equipment  and  installations  replacement  !!.!!!! 

Maintenance  . 

Training  ...  .  ***’]*** 

Pay  and  allowances . .*!!!.! 

Fuels,  lubricants,  and  propellants 
5^'rylccs  Eisc2ll&r,ccu5 

Intermediate  and  support  major  ccnmand" operation'  .'  ! 

Research  and  Development  Costs  . 

System  development .  [  '  *  ' 

System  test  and  evaluation  .  !!!!!!!! 

Other  system  research  and  development  costs  !!!!.’ 


17 

19 

Sh 


UO 

US 

h£ 

U(, 

**7 

Ul 

UQ 

50 

50 

52 

5fc 

57 


COST  ANALYSIS  OF  TOTAL  FORCE  STRUCTURES 


I'torce  Composition  and  Assumptions  . .  59 

Incremental  Costing  and  Long-Term  Programming . 


Costs  as  Expenditures  and  t, >  Program  Requirements  ...  63 

Mission  and  Other  Lower- Lavel  Cost  Analyses  .  67 

Sensitivity,  Tlmoliness,  and  Clarity  .  66 


Cost  Categories  Reconsidered  .  .  .  . 

Investment  costs  ...  . 

Operation  costs  . 

Research  and  development  costs  . 


70 

71 
71 
1U 


MOT  OF  FIGURES 


Effectiveness  Analysis:  Diagram  for  Stratoglc 
Mluuilo  Strikes . .  . . 

System  Couto  Timo  Phasing . 

Incremental  Coots  and  Phase-in  Ihaso-out  Relationships 

Timing  of  Program  Requirements  and  Expenditures  .  .  .  . 

Extending  the  Period  of  Analysis  . 

Mission  Cost  Analysis  as  Part  of  Total  Force  Cost 
Analysis . .  .  .  .  . . 

EDP  Inputs,  Type  1  (Air  Force  Constant  Data)  . 

EDP  Inputs,  Type  2  (Air  Force  Yearly  Data)  . 

EDP  Inputs,  Type  3  (system  Constant  Data) . .  . 

EDP  Inputs,  Type  4  (3ystsm  Yearly  Data)  ........ 

EDP  Operation  Phases  . 

Mojur  Steps  in  Total  Force  Cost  Analysis 

Missile  Systmn  Cost  vs-  Payload  for  Various  Types  of 
Propellants  and  Ground  Environments  .  .  . 

Missile  Stystam  Cost  vs.  Mean  Time  to  Failure  for 
Various  Probabilities  of  F-ccefsful  launch  .  . 

Boost-Olidt  System  Cost  vs.  Warhead  Weight . 

Major  Elements  of  Cost  in  Fig.  15  . 

Satellite  system  Cost  vs.  Altitude  . 

Room  for  Display  and  Discussion  of  Total  Force  Cost 
Analysis . . . 

Mods!  of  a  Personnel  Subsystem  . 


6 

io 

62 

66 

66 

69 

00 

81 

02 

84 

05 

08 

93 

97 

99 

100 

101 

1C2 

112 

121 


Sequence  of  8tep*  for  Design  of  a  Personnel  Subsystem  .  125 


iw-2695 

-xiii- 


LI3T  OF  'CABLES 


System  Specification!)  and  Aooumptiono  (Exeraplea) .  l4 

Coat  Anulyaia  Categoric--)  Tor  Individual  Syutcmu .  io 

Basic  Property  Nomenclature .  20 

Integrated  Costing  of  Primary  Equipment  for  an  Aircraft 

System .  2? 

Equipment  Cocrposonta  (Sxamplee) .  29 


Coat  Elements  of  Equipment  Components 


Coat-Estimating  Relationships  (Examples)  .  31 

Specialized  Equipment  (Examples)  .  33 

Research  and  Development  Cost  Categories  .  53 

Test  Facilities;  Format  for  Recording  Basic  Data  on 

Existing  Installations  and  Ground  Support  Equipment  ....  56 


Tent  Facilities;  Supplemental  Information 


Air  Force  Research  and  Development  Program  Structure 

(UmnMHrv) . . . .  .  ,  ,  75 

Coating  Procedure;)  for  Non-System  Research  and  Development 
Activities . . .  77 

EDP  Inputs:  List  of  Type  4  Data  Sheets  66 

EDP  Outputs;  Examples  cf  Formats .  90 

Force  Structure  Cost  Sensitivity  Analysis  for  the 

Strategic  Mioeion  . . 104 


Prenentation  of  System  Costs  by  Cost  Categories 


Format  for  Presenting  Suwnory  of  Total  Force  Structure 

Cost  Estimates  . . 110 

Illustrative  Format  for  Manpower  Requirements  Sunmary  .  .  .  118 

Manpower  Requirements  for  3pe.ee  Systems . 131 


Manpower  Requirements  for  Ccrmand  and  Control  Syotens 


1M-8C95 

-1- 


CHAPTKR  I 

*  »u«*  4  vm  nAUnk>ivrn  nv  <un  y-no 
ftAfw  vv»!y«>i  ^  v«_  w?Q4.^tf  *»«  _ 

In  jhociKtn*  aoong  alternative  Military  systems  ur  force  atructurea, 
*«.;-  -‘o  i*  aaka  cost  sstinatat?  Tha  short  answer  la  that  coat  la  an  ala- 
rant  of  c^olc'  which  wa  cannot  ignore.  To  chooaa  wisely,  wa  Must  know 
the  oat  of  tha  pr.»>N>*a'l  sod  ba  abla  to  compare  It  with  tha  coats  of  othar 
propw  i£tat  itlao  kna-’  tha  banaflta  of  tha  cholca,  and  ba  abla  to 

towpara  tht«£  siih  the  banaflta  of  tha  alternative  possibilities.  Tha 
_  xllljont  v-aiphln  *  costa  and  banaflta  la  at  laaat  aa  Important  In 
Military  nant.^csr.ot  ««w*'  docisiw  coking  as  In  any  othar  sector  of  govern - 
aant  activity  or  it  pr'/eta  business  antarprlaa. 

'/0C-.1  cost  ai\  laces*  far  weepen  and  support  aritene  ara  becoming 
Inc .  ,'„  'n»ly  Jce*riant,  not  only  bacausa  tha  now  system  proposals  ara 
eftan  •  •traa«ty  costly,  requiring  a  substantial  ahicA  of  tha  nation's 
rsscarcaa,  bus  also  bacauaa  there  are  ee  many  ey#t*ne  coMpatlng  with  aaeh 
othar  far  canaldaratlon.  Nora  and  ant  It  la  raoopilaed  that  a  proposed 
oy*t*-5  i*a>t>»t  bo  Judged  unlaaa  both  Its  coat*  and  lta  capabilities  ara 
astlMatad  and  conparud  with  those  of  alternative  proposals.  Both  coat* 
end  capabllltlss  ara  dlffleult  to  aaaoaa,  particularly  whan  wa  try  to  look 
several  years  ahead,  but  the  aaaeetnant  mat  ba  Made  In  advance  if  it  la 
to  praaWe  a  baala  for  aholte,  aaw,  aoong  coop  a  ting  prapaaala, 

Zt  la  tha  purpaaa  sf  this  aansranduo  to  mesarlhe  Methods  of  cost 
analysis  which  ara  bslng  davalapad  under  Project  UM  for  uat  In  satinet:* 
lng  weapon  and  suppert  ayaten  and  total  force  costa. 

A  weapon  systtat  la  defined  by  Air  Pores  kagulatlon  SC-1  aa  follows: 

"Waapoo  Syatan.  Coopoaad  of  equipment ,  skills,  utd  techniques 
tha  composite  of  which  forsa  an  lnstruaent  of  coMbat,  usually. 


i 
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but  not  necessarily,  having  an  anroapace  vahlcla  aa  Ita  major 
operational  slcssnt.  The  oosplttt  weapon  eystsa  iwcludes  all 
related  faetUtlaa,  equipment,  materiel,  aarvicaa,  and  personnel 
required  tor  the  opaiallOn  o f  Ilia  system,  bo  that  thu  lnatruaant 
of  combat  can  ba  considered  aa  a  ealf-suf f Lclant  unit  of  striking 
power  In  He  Intended  oparat lenal  envlronoent, "* 

Support  ayataa  and  control  ayataa  ara  almllarly  daflnad  and  ara 
becoming  Incraaalngly  Important  In  taraat  of  coat.  Mill*  thla  la  r*cog- 
nliad  by  the  praaant  ■■■oraodua,  It  does  not  deal  with  the*  in  «*  »eh 
detail  aa  wa  ahauld  Ilka.  Much  of  our  wark  In  davaloplng  method*  of  coat 
analyala  for  thaaa  ayataaa  la  atlll  tautatlva  and  doaa  nat  permit  defini¬ 
tive  praaantatlon. 

In  comparing  the  coata  of  military  ayateau,  wa  prefer  to  apeak  of 
"coat  analyala"  rather  than  "coat  estimation,"  because  the  identification 
of  tha  approprlata  eleaeanta  of  coat— the  analytical  breakdown  of  many 
complex  lntarralatad  activities  and  equipments— la  so  Important  a  part 
of  tha  method.  Weapon  system  coat  analyala  la  much  more  than  an  estimate 

1 

of  the  coat  of  tha  weapon  itself,  Weapon  procurement  coats  may  ba  rela-  ' 

i 

tlvely  small  compared  to  other  nacaaaary  coata,  auch  ae  bate  facilities,  j 

training  of  personnel,  and  operating  expanses;  and  thaaa  other  coata  may 
vary  grsatly  from  aystam  to  ayataa.  Moreover,  In  comparing  and  programming  j 

future  systems  as  far  as  5  or  10  yoara  ahead ,  tha  costa  of  research  and 

{ 

development  must  ba  taken  Into  account.  Recant  axparlanca  indicate*  that 
research  and  development  coat*  ara  rlalng  relative  to  the  other  coat*, 
and  may  b*  expected  to  via*  further  aa  technological  change  accelerates. 

In  coop* rln j;  alternative*,  therefore,  it  1*  nacaaaary  to  estimate  the 
cost  of  the  complete  system,  Including  directly  related  support  coata, 


♦Air  fore*  Regulation  No.  80-1,  "Research  and  Development,  Definitions 
of  Term*'’  (28  August  1959). 
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extcndlng  ovor  the  whole  lime  period  from  the  beginning  of  Ita  develon- 
uiei-.L  iu  Ui.  «cti v.itl-r.  .-.nd  or.  through  itn  rubnequenr  operation  while  still 
in  the  active  inventory. 

Coat  anal yr.  1 ..  may  be  regarded  n«  embracing  two  luveln  of  activity: 

(1)  The  development  of  tt.u  principle#  and  techniques  of  analyntn, 
including  coat  estimating  relationship.-),  such  as  cost-quantity  equations. 

(2)  The  use  of  these  In  deriving  cost  cstimatos  for  specific  systems. 

The  present  memorandum  dees  not  attempt  to  give  a  complete  descrip¬ 
tion  of  cost  analysis  in  either  sense.  The  development  of  techniques  Is 
going  forward  actively  and  there  is  a  greet  deal  of  work  remaining  to  be 
done.  A  new  problem  for  analysis  often  requires  the  development  of  new 
methods.  Success  in  weapon  systems  coat  analysis  dapande  on  the  ability 

to  carry  out  the  research  necessary  to  establish  new  data  relationships 
and  to  develop  new  analytical  tools  tailored  to  each  new  set  of  cases. 

It  would  be  misleading  to  suggest  othtrwlse  by  describing  specific  pro¬ 
cedures  in  too  much  detail.  Moreover,  If  we  included  temple  coet  analyse* 
of  real  (or  plausibly  simulated)  systems,  we  ihould  have  to  Impose  narrow 
limits  on  the  distribution  of  this  memorandum,  do  as  to  protect  proprietary 
data  *nd  military  security.  Nonethelesc  w#  hep#  that  Cha  description  of 
principles  and  techniques,  and  the  example*  of  worksheet*  and  other  mater¬ 
ial*,  will  efiaulu  coat  analysts  and  others  to  understand  our  methods  and 
adapt  them  to  thair  own  specific  prsblems. 

The  making  of  cemplex  management  daclslens  has  been  assisted  in 
recant  years  by  the  davelepmant  of  "systems  analysis,"  the  methodical 
examination  of  alternatives  in  terms  of  quantitative  estimates  of  dusts 
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iiiui  benafirr..*  It  is  necossal'y,  wo  believe,  to  think  of  weapon  eost 
analysis,  not  as  an  cna  In  less!.,  but  as  a  part  of  a  total  systems 
analysis  which  has,  s«  its  other  lirh,  the  quantitative  study  of  tha 
military  effectiveness  of  proposed  systems.  In  #ur  w#rk ,  we  have  mad a  it 
our  purpsao  to  treat  cost  as  an  integral  part  of  weapon,  system  analysis. 
Tliia  aim  is  reflected  in  th*  nature  of  tha  costing  con  *pts,  ths  snalyt* 
Ltal  techniques,  end  ths  methods  of  prsssntlng  rssults  which  srs  descrtbsd 
in  the  follswlng  pages.  It  Is  hopad  that  the  reads’*  la  already  familiar 
with  tho  general  principles  of  systems  analysis.  With  such  knowledge,  ha 
will  find  it  easlar  to  understand  chs  purpose  of  the  present  memorandum, 
end  to  apply  its  techniques  to  hla  own  needs. 

By  way  of  introduction,  let  us  censidsr  two  common  ways  In  whit.i  cost 
and  effectiveness  may  enter  Into  snaiysis. 

Fo Hewing  one  traditional  approach,  v*  m«y  assume  that  «•  have  only  a 
given  amount  of  resources— a  fixed  budget— end  that  our  problem  ie  to 
■elect  me  most  effective  system  which  we  can  buy  for  the  money.  The  first 
step  is  to  determine,  through  coat  analysis,  the  uusdier  of  units  which  we 
could  buy  of  each  of  the  alternative  system*.  Having  determined  the  unite 
of  force  purchasable  in  each  case,  sur  next  step  Is  to  make  an  effective¬ 
ness  snaiysis.  The  effectiveness  of  each  of  the  alternative  forces  is 


*Ss«,  e.g. ,  C,  J.  Hitch,  AtLAnireclaclon  of  Svetema  Analysis.  Ths  RAND 
Corporation,  Psper  P-699,  August  IB,  1955;  H,  W.  Hoax,  An  Introduction  to 
Systems  Analysis.  The  RAND  Corporation,  Research  Memorandum  RH-1678  (ASTIA 
No.  AD  101071),  April  18,  1956s  Herman  Kahn  and  Irvin  Mann,  Tochnlauea  of 
jys tame. Analysis.  The  RAND  Corperatlen,  Research  Memorondun  RM-1829-1 
(ASTIA  No,  AD  133012),  June  1957;  A.  J.  Mohlststtsr,  Al6ly.il  I  Yf.flVft 

Systems  Design.  Ths  RAND  Corporation,  Paper  P-1530,  October  29,  1958;  and 
Sr  J*  And  *•  N*  McK*«n»  B>9.  EMBflBlca  at  Pafanat  in  the  Nuclear  Ate. 

The  RAND  Corporation;  Report  R-346,  Kerch  1960,  also  published  by  Harvurd 
University  Prase,  Cambridge,  Mast*chu*ett»,  I9b0. 
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cut  limited  in  ter  mil  ef  lome  ngraod  criterion,  far  example,  the  number  of 
targets  which  each  force  could  destroy. 

This  ootlmatc  ii  ucuall/  achieved  by  scans  of  campaign  or  battle 
models.  These  mode In  arc  sometimes  camplax  mathematical  constructions 
doalgnnd  for  use  with  elactronlc  computers,  but  the  basic  Idea  Is  illus¬ 
trated  In  Fig.  1,  5  simplified  diagram  of  a  modal  for  strategic  missile 
strikes.  Starting  at  the  top,  the  unit*  of  force  are  Inserted  in  the 
model,  and,  aftar  appropriate  manipulation*,  the  total  effectiveness  of 
the  farco  comes  out  in  terms  of  hit*  on  targata  at  th*  bottom  of  tha 
diagram, 

Applying  tha  criterion  of  maximum  targets  hit  for  a  given  budget, 
on*  could  than  **l*ot  the  "best"  of  the  alternative  weapon  systems  or 
oeafclnrtlen  of  ayatama, 

Ai.elhcr  approach  la  often  followed,  beginning  with  •  certain  desired 
military  capablilty--a  fixed  effectiveness. 

Here  the  effectiveness  modal  Is  also  used,  but  onr,  starts  at  th* 
bettera,  with  a  given  number  of  target*  to  b#  destroyed,  One  works 
upwards,  estimating  In  each  case  th*  number  of  units  ef  force  of  o  partic¬ 
ular  weapon  system  which  must  be  bought  at  the  beginning  to  aohlovo  tho 
desired  end  result.  These  forces  ere  then  costed  end,  applying  the 
criterion  of  least  cost  for  a  given  effectiveness,  one  ceuld  then  select 
the  "best"  of  the  alternative  weapon  system^ 

This  It,  of  ceurse,  a  much  simplified  description.  In  every  reel 
analysis,  hewevsr,  cost  and  effectiveness  are  the  key  feotere  in  deelelen. 
For  thle  reason,  this  type  of  Analysis  Is  sometime*  referred  to  a*  "eeet- 
effectlvanasf"  analysis. 


1 
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It.  the  two  examples  given  above.  cost  1*  hold  fixed  In  one  case, 
iiffocciw»»>«*«  ihe  other.  Sut  in  one!-,  case ,  cost  analysis  must  be 
carried  out  In  detail.  Where  total  expenditure  is  "given,"  cost  analysis 
Is  still  necossary,  for  It  Is  only  by  costing  tho  units  of  force  that  we 
can  find  out  how  much  of  each  force  la  attainable  from  a  glvan  budget. 

Weapon  systems  cost  analysis  has  proved  Its  usefulness  in  military 
management  even  where  e  formal  quantitative  analysis  of  system  effective¬ 
ness  has  not  heeu  undertaken.  Thera  la  raaaon  to  believe  that  In  the 
future  there  will  be  Incraaeing  emphasis  on  the  costing  of  prepored 
systems  as  a  preliminary  step  In  decision  making. 

What  do  wa  mean  by  coetT  In  speaking  of  a  fixed  budget,  we  have 
legated  e  dollar  cost.  For  met  purposes  dollar  costs  are  a  sufflclantly 
meaningful  measure  of  the  resources  needed  to  develop,  procure,  end  operate 
a  weapon  ay stem.  Moreover,  In  fixing  our  attention  on  the  weapon  system  >■ 
e  whole,  we  need  sow*  way  of  representing  a  sum  of  many  dissimilar  resources' 
manpower,  missiles,  base  Installations,  training  schools,  etc.  These  items 
can  beat  be  aggregated  In  terms  of  the  dollars  which  will  buy  the*.  Thus 
systems  analysts  end  military  planners  generally  find  It  convenient  to 
represent  total  resources  by  dollar  cost.  In  generating  the  dollar  cost- 
in  vsspen  systems  cost  analysis— the  major  components  of  the  syetem  are,  of 
couree,  described  in  terms  of  categorise  of  physical  resources.  This  des¬ 
cription  of  physical  reseurcss  is  often  extremely  useful  in  Itself,  in 
celling  attention  to  major  differences  between  systems,  end  in  identifying 
unrealistic  choices,  e.g. ,  syetome  which  would  exceed  the  possible 
supplies  of  e  given  resource-say,  technical  manpower. 

In  using  dollar  cost,  questions  naturally  arlsa  about  possible 
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change*  In  th*  prica  laval  in  futura  yaara.  Howovsr,  if  wa  reflect  on 
the  purpose  of  the  analysis,  it  appears  that  changes  in  price  level  will 
usually  net  significantly  affect  the  result.  Vhat  la  wanted  la  a  wet hod 
for  broad  comparison  of  coats  of  competing  systems  in  a  given  yaar  or 
ovar  a  par  led  of  yaara.  As  inflation  or  deflation  will  presumably  effect 
the  casta  of  the  various  ays tens  In  essentially  the  asms  way,  it  la  coo- 
vanlant  to  assume  a  stable  prica  laval  or  a  "constant  dollar,"  In  any 
case,  if  there  la  special  Interest  In  the  affacta  of  price-level  changes, 
it  la  uaually  easiest  to  begin  with  ceat  estimates  In  terms  of  constant 
dollars  and  than  to  modify  these  in  accordance  with  the  expected  oourse 
of  future  prices. 

Maraevar  avsn  In  the  beat  aystaa  analysis  other  future  uncertainties 
are  very  large,  Systems  will  ha  aubjact  to  many  unforasaan  changes  in 
configuration  aa  they  advance  through  futura  yaara  from  research  and 
develapfient  through  procurement  to  operational  use.  The  affacta  of  thaaa 
changes  have  cost  Implications  which  are  almost  aura  to  be  greater  then 
the  affacta  of  any  probable  change  In  the  general  laval  of  prices.  The 
methods  of  cost  analysis  described  here  aaak  meaningful  comparisons 
among  systems,  recognising  that  in  long-range  projections  only  the 
dominant  differences  can  ba  used  to  distinguish  one  proposed  system  from 
sssthsr.  Vs  do  not  sits  at  an  accuracy  of  detail  such  as  veuld  ba  required 
for  aatlmataa  for  the  procurement  of  specific  items  or  the  recrultsMmt  and 
training  of  personnel  to  ba  used  In,  say,  next  year's  adlltcry  budget. 

Although  possible  changes  In  the  futura  price  level  swy  ba  relatively 
unimportant  In  systems  analysis,  the  Incidence  of  cost  from  year  to  yaar 
may  bo  an  lsiportant  consideration  In  programming  systems  into  future  force 
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strueturaa,  particularly  when  tight  ceilings  ar«  erpectsd  on  th«  ovor-all 
budget*  "Zstz  unuuel  Incidence  cl  c**ti4bth«  t Inc  phasing  of  cost*6-!# 
therefore  an  fortune  esueept  In  our  cost  analysis  system.  It  le  not 
always  sufficient  to  describe  the  cost  of  a  system  by  aceor  of  a  single 
figure  representing  total  expenditure  at  the  end  of  a  long  period  of  years. 
Successive  annuel  tatele  (wsstisss  referred  to  as  cost  strsaaw)  way  ba 
computed  for  each  syatssi  under  consideration.  Comparing  tha  future  coat 
at rasas  of  oeapating  systems  Is  eemowkat  aore  difficult  but  often  sure 
useful  then  ceap arlng  staple  Nlvsn  ws"  oeete. 

Closely  related  to  the  time-phasing  of  eyetea  oosts  le  the  concept  of 
IncroeMMtal  easting.  A  new  generation  of  weapons  can  often  use,  or  use  In 
part,  the  faallltlae  ereated  for  earlier  generations  Nhon  l*Ms  ease 
Into  nee,  warn?  existing  base  facilities  could  be  used  by  the  B-32  wings, 
ta  ealanlatlag  tha  aoat  of  base  facilities  far  tha  1-52  syatssi  it  was 
therefore  necessary  to  Include  only  tha  additional  (aad  in  thia  ease  rela¬ 
tively  snail)  expenditures  necessary  to  adapt  tha  raeliitles  for  tha  new 
use.  Zaaranantal  costing  can  significantly  affact  ehrices  where  one  of 
the  oonpoelog  systssH  can  taka  advantage  of  existing  military  assets. 

Until  recently,  the  choice  savag  weepens  wes  e  somewhat  Isolated 
procurement  declstcn.  But  In  the  last  dscsdc  the  chelcas—and  the  prob¬ 
lems  of  mUlrsry  plsmilng-'hsve  bsoeae  auch  mere  lnteroonneeted.  Among 
the  reasons  fer  this  nay  he  mentioned  the  increasing  rapidity  of  techno¬ 
logical  change,  tha  greater  complexity  of  tha  new  systems,  the  length  of 
tine  required  for  their  development  and  produetlen,  end  their  greater 
dependence  upon  other  weapon  and  supporting  systems  within  the  cams  service 
end  In  the  other  services  as  wall. 
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Thaae  interdependencies  are  recognised  In  the  RAKD  concept  of  total 
activity  cast.  Under  thin  concept,  e  propoaed  ayatan  la  axajainad  In 
terms  of  units  of  combat  capability  placed  In  a  coup 1 etc  operational 
context.  In  the  Air  Force,  these  unite  are  typically  wings,  squadrons, 
or  nltes.  For  a  B-52  wing,  for  example,  coats  Include  net  only  'the 
"hardware,"  personnel,  and  basing  costs  easily  identified  at  the  wing 
level,  but  alto  the  coats  of  necessary  auppartlng  activities,  such  as 
Air  Training  Command  replacement  training  end  Air  Materiel  Coeuend  depot 
maintenance  associated  directly  with  the  B-52  system. 

Pram  what  has  already  been  eeld  about  the  significance  of  time* 
phasing  In  systems  cost  analyaia,  it  will  be  apparent  that  there  are 
advantages  in  clearly  identifying  costs  as  thay  occur  In  natural  time 
sequence.  Before  a  new  system  can  be  procured.  It  must  be  developed, 
and  this  lnvelves  a  aarlas  of  rtaaarch  and  developmant  coats.  Mien  tha 
new  system  Is  adopted  end  la  being  Introduced  Into  the  active  Inventory, 
there  are  expenditures  for  procurement ,  basing,  initial  training,  etc. 
Finally,  thara  are  annual  oparatien  expanses.  These  natural  time  divi¬ 
sions  ere  identified  as  separate  categories  in  the  RAND  coating  structure. 

Kstlmatas  of  the  total  cost  of  a  system  are  developed  by  a  process 
of  analysis  and  synthesis.  Kejer  categories  and  subcategories  of  resources 
ars  identified  end  grouped,  end  their  dollar  costs  estimated  end  suseaad, 
Subtcs  Is  are  developed  which  represent  the  estimated  system  costs  for 
(1)  research  and  development,  (2)  investment,  end  (3)  operation. 

These  three  major  categories  are  analysed  in  detail  In  the  next 
chapter.  Ac  this  point  It  need  only  be  said  that  system  cost  analysis 
Is  not  a  mechanical  operation.  It  requires  judgment,  skill  and  objec¬ 
tivity  on  Sac  part  of  the  analyst.  >hc  analyst  must  taka  particular  Caro 
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with  thus*  element*  of  cost  which  arc  specially  ccncltlvc  to  differences 
In  system  characteristics  or  methods  of  operation,  far  t'naaa  era  often 
the  key  to  difference*  In  total  ceat  between  competing  systems,  It 
ahould  be  emphaslsad,  too,  that  the  primary  purpoaa  of  coat  analyal*  is 
e<M*a*rl*en!  to  provide  estimates  of  the  comparative  or  relative  coats  of 
competing  systems,  not  to  forecast  precisely  accurate  ooats  suitable  for 
budget  administration.  Comp arisen  Is  aided  by  consistency  In  Method: 
by  ensuring  the  similar  treatment  of  similar  Items  of  oost  In  different 
systems.  Consistency  also  requires  that  each  syatam  bo  glvon  tho  benefits 
derivable  from  existing  assets. 

We  have  spoken  so  far  as  If  syatam  cost  analysis  wore  limited  to 
ceetarioons  of  Individual  systems.  In  tho  past  this  was  often  true, 
although  what  has  already  boon  said  above  about  Incremental  coating  and 
time-phasing  of  costs  should  ouggost  that  alternative  ays tome  cannot  bo 

fully  centered  without  taking  into  account  the  ether  systems  end  non- 
system  * laments  which  constitute  the  existing  (or  projected)  "total 
fo-ce  structure." 

If  tha  total  force  is  costed  both  with  and  without  tho  addltloa  of 
a  particular  system,  the  difference  between  tae  two  total  costs  Is  the 
cost  of  tho  system.  Haro  tho  comparison  of  costa  between  two  cenpetlng 
system*  1*  a  comparison  of  tha  additional  or  "marginal"  coata  Incurred 
In  each  ca*e  in  adding  the  now  cystom  to  tho  total  force.  Thl*  typo  of 
study  requires,  therefore,  a  sore  complete  and  profound  analysis  of  coat* 
than  1*  necessary  for  syatam  comparisons  carried  out,  as  it  ware,  in 
InelAtlotlo 

There  are  good  reasons  for  regarding  cose  analysis  of  the  totsl 

fotce  structure  as  ona  of  the  main  goals  toward  which  research  in  military 
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cost  analysis  should  be  directed.  Ws  rely  on  and  pay  for  the  effectiveness 
of  the  total  force.  The  military  services  are  attempting  te  achieve  the 
moat  effective  over-all  "mix"  of  weapon  and  other  eyateaa  for  a  given  coat, 
or  the  least  coat  for  a  given  total  of factivensss— in  abort,  the  moat 
efficient  use  of  *11  the  raaouroos  which  the  nation  allocates  to  defanar. 

From  this  point  of  vlav,  individual  weapon  ay sterna  coet  analysis  la 
an  example  of  what  le  called  lower  level  "sub-optimisation"  lo  eyateaa 
analysis.  It  la  the  seeking  of  efficiency  in  the  email,  while  total 
force  structure  analysis  alma  at  efficiency  In  the  large.* 

it  must  be  admitted  that  thara  ara  difficulties  Involved  In  carrying 
out  the  effectiveness  analysis  of  alternative  total  force  atructures.  But 
even  if  the  total  affactlvanaaa  of  tho  various  possible  combinations  of 
systems  should  be  largely  a  matter  for  subjective  Judgment,  it  la  atlll 
imperative  to  know  tdiat  the  costs  are  likely  to  be. 

♦See  Hitch  and  McKean,  on.  cit. .  pp.  125-133  for  e  discussion  of 
sub-optimising. 
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CHAPTBR  II 


This  •  jptor  Is  concerned  with  cast  sstlMtlsn  for  Individual  sys¬ 
tems,  and  It  slopliflss  ths  problem  by  looking  st  ssch  system  at  If  It 
wars  mors  or  lass  Isolated  front  other  systems  within  ths  total  fores 
structure.  It  fixes  attention  on  tha  various  elements  within  and  directly 
ralatad  to  ths  system  and  describes  Methods  for  thalr  ordarad,  step-by- 
step  analysis.  As  ws  have  already  Indicated,  this  is  but  one  approach  to 
tha  cose  analysis  of  an  Individual  system;  tha  systsa  ccat  say  also  bo 
derived,  through  total  force  cost  analysis,  as  tha  Marginal  cost  Involved 
In  adding  tha  system  to  ths  fore:  structure.  While  tha  advantegaa  of  the 
leteer  approach  are  acre  end  more  recognised,  It  is  not  always  possible 


to  carry  out  a  total  force  analysis;  and  If  a  quick,  gross  comparison  of 
several  rathar  similar  sys tarns  is  raqulreJ,  the  total  force  method  may  bs. 
unnecessarily  refined  fsr  the  purpose,  Moreover,  many  of  the  basic  methods 
of  coating  ere  the  same  whether  we  look  at  Isolated  systems  or  aggregations 
of  systama.  Ths  prsssnt  chaptsr  tharsfora  provides  a  foundation  for  total 
fores  cost  analysis, 

Ths  first  thing  an  analyst  must  do  is  to  sake  sure  that  he  understands 
tha  system  he  is  working  with.  He  should  begin  his  wsrk  by  gathering  auf- 
flclant  descriptive  material  and  data,  Ths  degree  of  detail  of  this  infor- 
motion  dspsnds  upon  ths  naturs  of  tha  systsm;  and  part  of  ths  skill  of  tha 
analyst  lias  In  selecting  sad  seeking  out  ths  specifications  he  seeds.  Ths 
list  In  Table  1  Is  typical,  and  gives  an  ides  of  ths  complexity  of  tha 
cnslyst's  tsik.  Of  esurst,  2i±£y  of  the  spicificstion?  Mill  b*  iinr*rfc*in 
approximations,  especially  for  systems  whose  operational  use  lies  fer  in 


1.  1‘rltfM/  '•uulji'.cia  opccix  <Cmliona  (if  poaelbin  by  major  ceinpunonlo, 
pro  »  Ul<*  gvjdfti"’*). 

a.  IVu'foniAiicc  nper if lent Iona 

1.  Kxiv-iplan  for  airframe a 

«\»  !!pOt>v 

t .  CC5o«»  md  iuo 
c.  Climb 

(1.  Co  i  Unit 

*) .  NruiKO 

r.  i/o<wi 

l*.  Kxen;>le«  Tor  electronics 
n.  Frequency 

Continuous  vs.  spasmodic  operation 
Function*  to  l>«  perfomed  and  epeed  of  oonpututlon 
Accurucy  («.«.,  in  torn*  of  deviation  oyer  tint  and/or  drift  rate, 
dl tor  In  lnatlon  capability,  tic.) 

- .  Janablllty 

Example*  for  engines 
a.  Hating 

'  b.  Specific  i;%i  consumption 
c»  Operating  teaperalur* 


D.  Weight  daU 

/'.  Oth*r  physical  data 

1.  Example*  for  alrf rants 

a.  31t«  data  (e.g.,  fbeelag*  Ungth,  wing  arta,  wing  apan,  ate.) 

b.  Corittruetlon  charac tor latlca 

111  &aat  and  at ringer 
Z)  Sandwich,  waffle,  ate. 

3)  roamed  rectal 
M  Waldad  vt.  rivatad 

b)  Caatlngs,  forcing* ,  extrusions,  weldments,  ato. 

c.  basic  malal  typo*  (with  respect  to  item#  in  b.  above) 

d.  Tolerance*  (with  respect  to  Item*  in  b.  abova) 

Kxanplas  for  electronic* 

a.  Yolcne 

b.  Type  of  construction  technique  (tuba,  translator,  nodular) 

c.  KtSbar  of  tubes  or  translators 

d.  Kunbar  of  stage a 
a.  Power  requlmmtnt 
f.  Antenna  dlaneter  (for  radars) 

l>*  who  the  manufacturer  is  or  la  llkalv  to  be. 

II.  r, round  seaport  equipment  epeolflcutionf'  analogous  to  those  Hated  under  1. 


III. 


Operational  concept  e  pacification  a  or  aaewptlona  and  related  natter*. 
Examples  are; 


Force  all* 

Ocorraphlcal  daploynant  (aapaela'ly  overseas  va.  M) 

Diopcreal  ecnene 

nuviviv/  islv* 

Fixed  or  eobil*  •  yet  era  and  dcao  Iption  tharaor 

"Hard”  or  "aoft"  ayatan,  and  pU  opacification  If  hari 

Oi ccv.cepti  uing,  group,  etc. ,  and  «r  of  sq;jfcuivne  yr  wing  or  group 

Alert  capability  and  related  canning  concept 

be  cm  e  of  eystm  automation,  •iataa  ruction  If  poaalbla,  In  relation  to  manning 
and  02K  requirement* 

Nrnbor  of  ycara  the  system  la  tc  be  In  the  operational  inventory 

Training  conceptn:  and  *n  the  caae  or  neatl*  avatess:  (a)  nttabar  of  nlaellca  to  be 
used  in  initial  training,  (b)  mwoer  of  live  firings  for  "proficiency"  training 
purrooea  par  year 

Logistic*  support  concept*,  espcc tally  regarding  depot  nalntenanca  (AMC  depot,  or 
contractor!).  Is  there  to  bo  a  "central  oupport"  arcat 

porranent  or  temporary  faol  lltlea? 

Tenant  or  nontenant  operation? 

.'lain  aspects  of  the  development  program,  especially  meter  of  v^ilclee  In  the  teat 
Inventory. 
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th«  future,  and  for  thouc  n  range  of  likely  valued  nhould  be  obtained 
rnthor  than  a  single  value. 

In  addition  co  the  Information  In  such  lints,  the  analyst  needs  a 
basic  frame  of  reference,  generally  applicable  to  all  systems,  und  specif¬ 
ically  designed  for  cost  analysis.  In  our  axper lance,  the  following 
characteristics  are  desirable  In  a  set  of  cost  analysis  categories: 

(1)  Provision  should  be  auida  for  segregating  total  cost  Into 
the  three  major  time-phases: 

(s)  Research  and  Development 

(b)  Investment  (procurement  and  placing  In  operational 
uaa) ,  and 

(c)  Operation  (cost  of  operation  over  a  period  of  years), 

(2)  The  set  should  be  as  all-inclusive  ss  possible  so  ss  to 
preclude  the  omission  of  significant  element*  of  cost. 

(3)  The  cost  categories  should  be  designed  In  a  way  that  will 
facllltata  determination  of  thoss  alomants  of  tho  syat.es 
which  havs  ths  grsatsst  Impact  on  total  coat,  and  which 
are  most  sensitive  to  changas  In  hardware  characteristics 
or  variations  In  operational  coneapt. 

As  s  result  of  experience  with  a  variety  of  analytical  sch times,  w# 
have  davalopcd  the  framework  of  coat  analysts  categories  given  below  In 
Table  2. 

Thoss  who  era  familiar  with  our  earlier  report  on  wsapon-syteem  cost 
sathodology  vl  11  recognise  many  of  thaes  element*.*  Ths  principal  change 
Introduced  ss  a  rssult  of  mors  rscsnt  experience  la  ths  separata  category 
for  research  and  development  costa.  The  rssesrek  and  development  cstsgory 
was  added  baceuse  of  the  increasing  magnitude  of  those  costa  relative  to 
tha  total  military  budget,  and  bacauas  of  the  greeter  usefulness  of  an 
analyslu  which  program*  costs  over  the  whole  life-cycle  of  the  *y«c*m, 


*11-287,  now  replaced  by  tbe  present  Research  Memorandum, 


_ : 


(V 

Ll> 


Oust  AMALTSU  CATEOOUdS  fOK  INDIVIDUAL  SYSTEMS 


1.  Kerearch  and  development  cotta 

A,  Sycten  devalopoent 
8.  Syetes  tail  and  evaluation 
C,  Othat  eyeleai  coava 

SI.  InvaataMnt  coata 

A.  Installations 
8,  tipitpaant 

1.  frlaer.  nleslon 

2.  Specialised 

3.  Other 


t.  Initial  stock  laoota 

],  Ifiliwnt  sparse  and  spare  parts  (Initial) 

D,  Initial  training 
I,  Miscellaneous 

Initial  transportation 

I.  Initial  travel 

1,  Intermediate  and  support  najor  cnataand 
lit.  Operation  aoata 

a.  tgutpoent  and  Installations  rsplaaanant 

1.  Prloery  nlttlon  sgutpawnt 

2.  SpsctaUcsd  equipment 

3.  Othar  tool  patent 
A,  Installations 

I.  Maintenance 

1.  Prlnary  alcslon  egulpnent 

2.  Ipsclallcad  spulpaaant 

3.  Othar  agulpaient 
* i  Installations 

0,  Pay  and  Allowances 
0.  Training 

(.  fuels,  lubricants  and  propellants 

1,  frlnary  cat  salon  ogvlpaeitt 

2.  Other 

f.  Services  and  Miscellaneous 

1.  Transportation 

2.  Travel 

3.  Othar  (Including  Maintenance  of  organisational  squlpnent) 

0.  Intsmadtats  end  support  sajor  cooasand  operating  coat  (only  exceptionally 


z 


^  r .  7 . rzr 
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'•ejjiwsinfc,  vlt.ti  initial  ae'  'U>!«ntinL. 

Figures  :iu  und  ?!b  nhow  in  oisnplifled  four,  tins  coat  hiutory  of  a 
typical  weapon  oyatera.  l.i  Fig.  da  the  cooto  lor  each  or  the  three  buule 
categories  are  ropreaonted  by  smoothed  curves,  overlapping  oomovhat,  but 
typically  displaying  succeooive  maxima.  Figure  2b  portrays  the  name  data 
Tor  Buccoaaive  fiscal  years  by  eu.ana  of  a  bar  graph  on  a  slightly  differ¬ 
ent  scale.  Here  the  height  of  the  bar  shows  the  total  expenditure  durlne 
1  i  year  for  all  three  categories. 

In  the  discussion  that  follows,  it  la  helpful  to  keep  these  figures 
in  mind.  Chronologically,  we  should  begin  with  a  description  of  research 
and  development  coets,  proceed  to  Investment  and  end  with  operation  coats. 
However,  because  of  the  very  nature  of  research  and  development  activities 
with  their  long  lend  times  and  elements  of  uncertainty,  tha  costing  of 
this  category  presents  special  difficulties.  It  Is  less  routine  and  mors 
speculative  and  draws  heavily  on  professional  insight  and  Judgment.  It 
would  be  <a  advantage  to  the  reader,  if  he  is  not  already  experienced  In 
cost  analysis,  to  approach  the  problems  of  research  and  development  coat¬ 
ing  after  he  has  been  Introduced  to  investment  and  operation  costing. 

®si§  <■  the  plan  of  eirposltlon  we  have  adopted  here. 

Investment  Costs 

Investment  costs  are  those  one-time  outlays  required  to  introduce  s 
nev  capability  Ir.tc  the  operational  force,  efter  the  required  equipment 
has  baen  developed  and  tested  to  an  acceptable  level  or  reliability.  This 
new  capability  say  be  represented  by  a  new  weapon  system  or  a  modification 
of  en  existing  oi\j--for  example,  a  new  alr-to- surface  missile  introduced 
into  an  existing  at rat ogle  bombing  system.  Investment  costs  are  also 
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gonuratud  In  Che  non-systems  pare  of  the  air  force.  Initial  outlays  for 
additional  personnel  facliitiee  at  Keadquartsrs  SAC  and  for  a  new  ware¬ 
house  at  an  AMC  depot  are  illustrations  of  such  Investment  costs.  In 
what  follows,  we  shall  describe  each  of  the  Investment  costs  listed  In 
Table  2. 

INSTALLATIONS 

Introduction  of  a  new  weapon  system  Into  the  Air  Force  Inventory 
usually  Implies  a  substantial  Investment  in  Installations,  This  is 
particularly  true  it  additional  baaaa  have  to  bo  constructed,  but  even 
If  a  new  weapon  is  phassd-ln  on  an  existing  baas  structure,  soma  invest¬ 
ment  in  facilities  la  usually  necessary.  Runways  may  have  to  ba  length¬ 
ened,  launch  pads  constructed,  naw  maintenance  shops  provided,  additional 
personnel  facilities  built.  Whether  new  Installations  are  constructed  or 
dxlatlng  ones  modified,  the  coses  ere  included  under  the  heeding  of 
Installations. 

totuUitlau  ant  jsjaaisuu 

A  good  starting  point  for  detailing  the  elements  of  this  category 
la  the  Air  Fores  nomenclature  for  real  property,*  with  tdilch  tha  military 
coat  analyst  should  Beks  hia.il f  thoroughly  familiar.  The  main  headings 

are  listed  la  Table  3. 

For  ayetamm  being  phased  into  the  active  force  in  the  near  future, 
this  nomenclature  should  be  adequate  as  a  basis  for  Installations  cost 
analysis.  For  systems  of  tha  mors  distent  futura--e>peclally  satellite 
end  advanced  missile  eysteaa— modiflcetlens  era  usually  required.  For 

*Air  Force  Manual  Mo.  M-J,  fail  Ftoeertv  Standard  Codes  end 
Nomenclature. 
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Tabla  3 

BASIC  PROPERTY  NCMEHCIATUUE 

Operational  facilities 
Airfield  pavements 
Fuel  dispensing  facilities 
Communications  and  navlgatlonsil  facilities 
Lend  operational  facilities 
Training  facilities 

Training  buildings 
Training  ranges  and  drill  fields 
Maintenance  facilities 
Aircraft 
Guided  missiles 
Automotive 
Weapons 
Ammunition 

Electronics  and  Communi cations 
Other 

Supply  facilities 

Liquid  fuel  storage 
Ammunition  storage 
Cold  storage 
Covered  storage 
Open  storage 

Hospital  and  medical  facilities 
Hospital  buildings 
Laboratories  and  clinics 
Dental  clinics 
Dispensaries 

Administrative  facilities 

Administrative  buildings 
Administrative  structures,  underground 
Other 

Housing  and  community  facilities 
Family  housing 

IPmaah  Vi«st««e4  at** 

v-y  ttvueeiifi 

Community  facilities 

Personnel  support  and  services 
Morale,  welfare  and  recreation  (interior) 
Morale,  welfare  and  recreation  (exterior) 
Utilities  and  ground  improvements 
Electrical  facilities 
Heating  facilities 
Sewage  and  refuse  facilities 
Water  facilities 
Roads  and  sidewalks 
Railroads 

Ground  drainage  and  fencing 
Fire  and  other  alarm  systems 
Miscellaneous  facilities 


Land 
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«x*ants.  Mvtul  nett  missile  ayatsm  proposals  Involve  squadron-dispersed 
launch  sice:  with  a  central  support  area  Zer  a  group  of  thraa  or  four 
squadrons.  In  easas  Ilka  this,  we  hava  found  tha  fo Hawing  chack  Hot 
to  ba  uaaful: 

Znatallatlona  at  tha  disparted  squadron  launch  altos 
Launch  pads  (or  pt.ru  If  altat  ara  hardened) 

Propellant  storage,  transfer  and  decontamination  facilities 

Blockhouse  and  tunneling 

UrtlUU. 

Inatallatlona  at  tha  cantral  support  araa 
Training  facilities 
Maintenance  faailltiae 
Supply  facilities 
Medical  facilities 
Administrative  facilities 
Housing  and  coaaunlty  facilities 
Utllltlss 

JUac-ts  trscklng,  monitoring,  and  ca— untcatlons  faclUtlea 


Methods  of  estimating  inatailativae  investment  coat  may  vary  con¬ 
siderably  depending  up*»  the  nature  of  tha  problem  at  hand.  Generation 
of  definitive  and  detailed  astlsmtee  for  a  vail -da fined  system  requlrea 
analysts  of  the  iaetallatlana  cost  structure  Item  by  item,  specifying  the 
phyalcal  requirements  in  tsrms  of  the  relevant  unit  cf  ssssura  and  multi¬ 
plying  these  requlreawnts  by  the  appropriate  construction  cost  factors, 

Tha  determination  of  physical  requirements  deserves  special  emphasis, 
especially  If  a  new  system  Is  being  phased  In  on  an  existing  bass  struc¬ 
ture.  Thic  < «  aitaanf.lal  In  determining  Incremental  requirements.  Assume 
for  example  that  system  A  Is  to  be  phased  in  on  existing  bases  X,  Y  and  Z, 
and  that  the  total  runway  requirement  for  system  A  Is  8,000  feet.  The 
Incremental  requirement  for  runways  for  system  A  would  be  determined  as 
follows: 


Base 

ilyoten  A 
runway 
requirement 
( ft at) 

Existing  runway 

....  I  1 

at  each  base 
( foot) 

Incremental 
requirement 
for  system  A 

X 

O,000 

6,000 

2,000 

V 

3,CC« 

0  .  000 

0 

z 

O,000 

7,000 

1,000 

Total  system  requirement 

3,000 

Tliia  io  of  couroo  a  much  simplified,  example.  In  addition  to  lengthening, 
there  may  be  Incremental  requirement!,  for  widening  and  strengthening. 
Hequircmenta  for  these  and  other  installations  categories  would  bo  deter¬ 
mined  in  a  similar  way. 

Tho  Important  point  Is  that  a  detailed  base-by-base  analysis  is 
required  if  Incremental  requirements  are  to  be  determined  with  maximum 
precision,  llut  in  many  Instances  this  approach  is  not  practicable  or  ovon 
possible-  If  the  nyr.ten  under  consideration  has  a  proposed  operational 
dnto  flvo  to  ten  years  from  now,  a  detailed  base-by-basa  analysis  is  not 
possible,  because  the  USAF  >.ac  deplcyasnt  ar.d  utilisation  progrcK  icon  not 
extend  that  far  into  the  futuro.  An  alternative  is  to  examine  in  detail  s. 
small  sample  or  bases  which  might  cc  used  by  the  now  system,  determine  a 
typical  or  average  set  of  installations  requirements  from  the  sample,  price 
out  those  requirements,  and  use  the  result  as  the  installations  coot  for  u 
typical  baso  to  be  used  by  the  system.  The  total  for  the  system  would  then 
be  obtained  by  multiplying  this  "avorago"  coot  by  the  total  number  of 
bases  required.  In  acne  cuoes  this  method  may  result  in  a  rather  crude 
estimate,  but  it  io  preferable  to  having  no  oumplo  at  all,  and  it  is 
certainly  better  than  assuming  that  all  installations  will  he  constructed 
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ncw  tr  l : i  fuct  the  uyat«  !.i  ur.de r  study  io  likely  to  take  considerable 
advantage  of  base  facilities  already  on  hand. 

There  are  two  principal  kinds  of  information  about  installations 
needed  in  coat  analysis:  phyaical  requirements,  and  construction  coat 
factors.  In  the  determination  of  physical  requirements,  tho  U3AF 
3tondard  Inatallationo  Facility  Requlrementa  Manual  (AH>1  36-1*)  io  basic, 
particularly  for  current  and  near- future  systems.  For  systems  of  the 
more  distant  future,  thin  manual  must  usually  be  supplemented  by 
examination  of  the  specifications  of  the  system  and  its  operational 
concepts.  Very  often  these  specifications  are  not  sufficiently  definite, 
and  the  analyst  must  consult  with  the  system  dossiers  and  attempt  to 
work  out  an  operational  concept  from  which  installations  requirements 
can  be  Inferred. 

Physical  requirements  are  converted  into  estimates  of  installations 
coat  through  the  use  of  construction  cost  factora--dollsrs  psr  squirt 
yard  of  runway,  hospital  cost  per  bad,  vehicle  maintenance  shop  cost  per 
square  foot,  etc.  Construction  cost  factors  for  n  wide  variety  of 

Installations  categories  and  G*°Gr*Phical  locations  may  be  obtained 

« 

from  Air  Force  and  other  publications. 

In  contrast  to  cost  analysis  problems  where  detailed  and  fairly 
definitive  estimates  are  necessary,  there  are  many  inotances  where  less 

*  *Fer  example,  see  Mains  ftildt  for  ?srmsn»nt  Con  it  ruction  In  -Santl- 
n»ntii  U. 8. A. .  Dlreccorsta  of  Installations,  HqUSAP,  October  1938;  Depart¬ 
ment  of  the  Army,  Empirical  Cost  Estimates  for  Psrmansut  Hllltarv  CamlT.U&’ 
tion.  17  February  1938;  "1937  Construction  Costs  and  Price  Trends t  Factor* 
for  Estimating  Costs  Outside  the  U.S. Ensinssrins  News-Record.  October  17, 
1937,  f.  288. 


praclsa  estimates  will  suffice,  In  the  early  stags*  o£  a  comprehenalve 
systems  analysis  study  there  may  ba  a  vary  large  number  of  alternatives 
to  ba  considered.  The  problem  la  to  screen  these  alternatives  with  a 
view  to  weeding  out  the  obviously  unattractive  ones.  Numreua  quick 
analyses  may  be  required  to  do  this;  and  for  these  only  crude  estlsMtes 
ere  usually  needed.  Here  a  generalised  cost-estimating  equation  may  be 
very  useful.  These  equations  are  functional  relatione  between  major 
categorlea  of  installations  coat  and  key  veapen  system  characteristics. 
They  ere  derived  by  detailed  study  of  changes  In  Installation  coate  ee 
hardware  characteristic*  and  operational  concepts  are  varied  over  relevant 
ranges  for  the  principle  classes  of  weapon  systems.  For  underground 
ballistic  missile  ay a teas,  for  example,  RAND  has  developed  generalised 
cost-estimating  equations  to  express  the  major  categories  of  Installation 
cost*  as  function*  oft 

Missile  character  1st  lea  (length,  diameter,  and  weight) 

Various  levels  of  pel  overpressure 
Number  of  missile  pits 
Number  of  spare  mlssllee 
Nrsrbr.r  tit  personnel 

Length  of  tunnel  Co  guidance  building* 

Site  clearance 

Miles  of  road  from  base  to  stain  highway 
Distance  from  public  utility  Hue*  to  base 
Number  of  guidance  building* 

Number  of  guidance  building  tunnels 

Tons  of  iOX  required  per  missile  (including  losses) 

Tons  of  fuel  requirad  per  missile 

Similar  types  of  generellesd  equations  have  also  been  davelopod  for 
various  classsn  of  manned  aircraft  syetsms. 


KOUIPHENT 

Expondlture:t  for  equipment  are  often  the  largeot  of  all  the  Invest¬ 
ment  outluys  In  dollars  required  to  establish  a  new  <*.ir  Forco  combat 
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c.ipubl  1  Lty.  An  extremely  wide  variety  of  equipment  la  n«eded--v«ry Ing 
Croat  inlaollao,  mluulon  olrcruft,  und  prime  rudaro  end  the  uooociutcd 
ground  mipport  equipment ,  to  otovug  and  tuble*  uo«d  In  mogti  ha  1  In. 

Our  procedure  ttuuinerice*  the  Initial  equipment  ccstB  for  a  combat 
uquudron  under  four  main  catagorlai:  (1)  primary  mlsolon  equipment, 

(2)  apaclallted  equipment,  and  (3)  other  equipment.  Investment  in  equip¬ 
ment  for  the  direct  support  of  tho  system  et  the  support  major  command 
level  Is  lncludtd  In  the  miscellaneous  category  II  E, 

">*5 BEY 

This  category  represents  the  Initial  cost  of  the  primary  taleelon 
equipment  assigned  to  combat  organisations.  It  Includes  the  total  coat 
of  th«  equipment  Itself  (Including  all  government-furnished  equipment), 
but  excludes  Initial  sparse  and  spare  parte.  Theee  latter  Items, 
although  procured  along  with  the  equipment,  ere  accounted  for  under 
stock*  (category  IX  C), 

Since  the  unit  coat  of  any  particular  lean  o £  cqulpmsnt  depends  to 
e  considerable  extant  upon  che  number  of  Items  pr oduc-.d,  the  coet-estlmaclng 
process  for  primary  mission  equipment  must  be  an  Integrated  one  embracing 
not  only  the  deliveries  of  equipment  to  the  combat  organisation,  but  also 
Items  of  equlpetent  accounted  for  In  other  cost  cetagorle*.  Tha  BAND 
prosadura  tharafora  provides  for  simultanaous  estimation  of  tha  coat  of 
the  aqulpmant  aaalgned  to  varleua  cost  categories,  such  as  research  and 
developtMnt,  primary  mission  aqulpmant,  aupport  major  commend  Investment, 
initial  training  (for  missiles),  equipment  replacement  and  annual  training. 

Consider  an  aircraft  system  as  an  example,  missiles  and  other  ayatema 
being  treated  in  *  similar  fashion.  The  starting  point  la  tha  aircraft 
delivery  ochcdulo.  for  each  fiscal  year,  the  total  deliveries  ere  broken 


down  Into:  (1)  those  scheduled  for  tast  and  evaluation  purpose*  (charted 
to  research  and  devalopmant  coet);  (2)  thoa*  achadulad  for  delivery  to 
•upport  major  coasunils,  primarily  the  Air  Training  Comcend  for  training 
purpoaa*  (charged  at  an  lnvaatawnt  coat  to  the  Intermediate  and  aupport 
major  coaaaand  Invaatmant  category);  (3)  those  required  for  combat  aquad- 
ron  attrition  (charged  ae  an  annual  operating  coat  to  the  primary  mission 
equipment  replacement  category);  and  (4)  the  net  deliveries  available  for 
assignment  as  combat  unit  aqulpamnt  (charged  as  an  Isvestamnt  cost  In  the 
primary  mission  aqulpsmnt  category).  The  result  Is  that  the  complete 
production  run  for  the  aircraft  Is  accounted  fur  In  the  costing  procedure 
at  the  proper  point  In  tlam,  using  the  appropriate  unit  cost  taken  from  a 
coat-quantity  curvs*  for  the  aircraft.  A  simplified  example  of  this 
procedure  la  shown  In  Tabla  4. 

For  equipment  for  which  production  contracts  have  been  lat  (or  ara 
about  to  ba  lat),  unit  prlcas  ara  somatlmaa  obtalnad  from  Air  Forca  budget 
estimate*.  If  the  "quantity  produced"  figure  aeaoclated  with  thla  unit 
price  differs  significantly  from  tha  quantity  aaauamd  In  the  weapon  aya- 
tama  study,  th*  unit  price  la  adjusted  on  the  basis  of  an  appropriate 
cost-quantity  relationship. 

If  these  budget  estimates  are  not  available  cr  srs  not  appropriate— 
tha  usual  situation  In  dealing  with  advanced  systems— equipment  cost  wet 
be  buiic  up  by  summing  the  costa  of  major  components  by  cost  element  for 
each  component.**  Examples  of  awjor  component  structures  are  given  In 

*For  a  dlacusslon  of  coat-quantity  relation*,  aaa  Harold  Aaher,  Cost- 
Qygntlty  Relationships  In  th*  Airframe  Industry.  The  RAHD  Corporation, 

Report  R-291,  July  1,  1956. 

**In  a  aanaa  this  technique  represents  an  Intermediate  approach  between 
highly  aggregative  and  extremely  detailed  equipment  coat  estimating.  (For 
examples  of  the  latter,  ae*  t.  ?,  Alford  and  John  S.  Banal .  Production  Hand¬ 
book.  The  Ronald  Press,  New  Vfii'l,  1953,  pp.  1029-1092:  inu  Tool  Engineers 
Handbook^  McGraw-Hill  Book  Company,  Inc.,  New  York,  1949,  pp.  2P45. )  For 
cl  p: ou Icc.s  encountered  in  tns  type  of  coat  analysis  under  coneidaration 
here,  the  Intel  madlata  approach  represents  sn  appropriate  leval  of  detail. 


INTEGRATED  COSTINC  OF  PRIMARY  EQUIPMENT  FOR  AN  AIRCRAFT  SYSTEM 
(average  coats  taken  from  appropriate  ulrcruft 
coat-quantity  curveo;  all  numbers  hypothetical) 


Time  Period 


Number  of  aircraft  2  30  S 

Average  cost  In  millions  .  (10  at  $7  $2.5 

(Including  spares)  (20  at  $4 


Total  cost  (milliona)  iLLtti. 


Number  of  aircraft  1  3 

Average  cost  In  millions 

(Including  spares)  $4  $2.5 

Total  cost  (milliona)  $7.5 


Number  of  aircraft 

1 

7 

30 

45 

9 

Average  cost  In  millions 
(Including  spares) 

$4 

*2.5 

«1  o 

t  *•  ' 

41  X 
ya*v 

*1.5 

Total  cost  (millions) 

Primary  mtaalen  enuimeent  1 

in  the  combat  squadrons; 

h 

ULJL 

21M 

um 

Number  or  aircraft 

8 

235 

420 

415 

Average  coat  In  millions 
(excluding  sparse) 

$2.5 

$2.0 

$1.5 

♦1.3 

Total  cost  In  millions 
(excluding  spares) 

m 

$539.5 

UAV9B 

Initial  spares  (charged  to 

the 

M 

giSit? 
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Tal’le  5,  and  coat  element  structures  In  Table  6, 

In  using  these  structures  In  cost  esf tEsLi.cn,  It  Is  necessary  to 
nnalyz*  historical  dats  and  develop  cost -astlmatlng  relationships  for  the 
various  elements  In  each  of  tha  major  component  areas  (airframe,  engines, 
electronics,  etc, } .  A  few  examples  of  such  relationships  ere  given  In 
Table  7. 

In  soaic  Instances  the  historical  records  and  the  relationships  derived 
frost  them  ere  of  lladted  usefulness.  Consider  the  problem  of  estimating 
f  j  cost  of  mech  3  stainless  steel  bomber  airframes,  utilising  a  substan¬ 
tial  amount  of  honeycomb  sandwich  atructura.  Thera  are  at  tha  tlma  of 
writing  almost  no  cppllcablt  historical  records.  Tha  limited  experience 
on  stainless  steel  airframes  (the  Kavaho  and  X-1S)  and  tha  record;  for  the 
current  bembere  (1-52  and  3-58)  provide  sn  Important  point  of  daparturo, 
but  llttla  more.  It  la  nacaeaary  to  utlllaa  all  avallabla  Information 
about  technlguea  bolng  developed  for  fabricating  atalnlaaa  steal  structuree. 
One  way  to  proceed  Is  to  break  the  airframe  down  Into  Ice  components, 
axasin*  the  p-rspossd  fsbricttir.j  operations  for  os-th  cersponsnt,  try  tr> 
determine  the  major  differences  between  these  operations  and  tha  onaa 
typically  performed  or.  conventional  aluminum  structures,  and  finally  to 
tranalate  these  differences  into  nsw  cost-estimating  relationships  (for 
labor,  notarial,  ovsrhsad,  etc,),  using  tha  old  relationships  as  a  starting 


Thus,  with  respset  to  dlrsct  labor,  ws  might  construct  s  table  for  a 
given  airframe  component  as  follows: 


*Ses  R.  W.  Snith,  frmoirtlUtd  Cost  Functions  for  Mach  3  Airframe..  (I 
The  RAND  Corporation,  Research  Mamor undue  IM-2336  (ASTIA  No.  AO  312114), 
March  3,  1959  (Confidsntlil). 


kojiiuw'  cotroNwra  (kxahpuki) 


Component  «t  mclms  for  abaUjstlc  °-*-‘— 
XoreKITar  nnroapaoe  van  ele) 

Airframe 

Structural 

Lauding  ednaa 

Body  akin  (lncludintt  '.an>as*J 
Structural  otnbare  ( frava' 

Sub-ayatama  (electrical) 

Control  a  (alectroaeehanlcal) 

Power  Mast 
Liquid  rookat 

Puap  drlva  aaecmbly 
Turbo- puip 
Oaa  generator 
Thruat  chambar 

Propellant  llnaa  and  flttlnga 
uanilar  and  anhauat  ayatam 
moa  or  mounting  atructura 
Accaaaory  povar  aupply 
Solid  rockat 
Caalng 
Nettle 
Propellent 
Ouldanca 
Inartlal 

Inartlal  awaauranant  unit 
Platform 
Accalartaratara 
Gyroecopae 

SHtro*rJantral  A  aa»ool*ta<l  alaotronloa 
Radio  owmiand 
Dtcodar 
Baacona 
Antenna 
Payload 
Note  eons 
Shall 

Analog  and  ruling 
Varbaad 

Proponent  atruotura  for  a  priat  radar 
Antenna  and  i»v»  guiia 
Tranaalttar 
Modulator 

iwaaa  CvU»a  *•••»■•  *  - 

neoelvsri 

Power  aupply  equipment 
Mlacallanaoua 
Velocity  filter 
Moving  Urgat  Indicator  group 
Cabling 
Other 


rnmnnntnt  structure  for  «  baabcr  alrcratN. 
~A7rrrSma 
Wlnge 
rutrlaga 
Bapennago 
Mlacallanaoua 
Propul a Ion  ay atom 
Klcctronloa 

Bombing  navigation  A  mUalla  guldanoa 
ayatam 

Dafanaa  alaotronlca  ayatam 
Mission  and  trcfflo  control  ayatam 
Other  . 

Offensive  nlaalla  (Al»>) 

Airframe 

Propulsion 

Alaotronlca 

Dafanaa  missile  (If  any) 

Mlacallanaoua 


aaponent  atructura  for  filter  aircraft 
"Airframe 
Wings 
Puaalagn 
■apannaga 
Mlacallanaoua 
Propull  Ion  ayatam 
alaotronlca 

fir*  control  ayatam 

Mission  and  tnerrio  control  ayatam 

fWVmm 

am  or  other  tyva  of  micella 
Airframe 
Proportion 
Xlcctronlca 
Mlacallanaoua 


cot?r  KLmsro  of  RQUiFMKirr  ccmpo!ik>!T3 


(Applicable  generally  to  items  of  miv5or  equipment) 

Mnr.ufacturl ng 
Direct  labor 
Material 

Raw  materials 
Purchased  parts 
Subcontracted  items 
Manufacturing  overhead 
Fixod 
Variable 

Tooling 

Direct  labor 

Material 

Overhead 

Production  engineering 
Direct  labor 
Material 
Overhead 

Engineering  changes 

Publications 

General  and  administrative  expense 

Profit 

Industrial  facilities  (if  required) 


| 

i 
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•*  -Vi‘ I  ''C  I ?KLAT ION  121  IPS  *  EXAMPLE** ' * 


(l)  Airfriune  direct  Labor  cont  per  pound  of  uirircunu  weight  fto  a  function 
of  cumulative  output  and/or  rate  of  output 

(1 )  Co, 'it  per  pound  of  airframe  weight  adjustment  to  bo  used  in  conjunction 
with.  (1)  abovo.  (Tills  la  neceotmry  because  past  experience  Indicate!) 
that  production  coat  per  pound  tonda  to  vary  lnvcrsaiy  with  the  weight 
of  the  airframe.) 

(3)  Airborne  radar  equipment  cost  as  a  function  of: 

a.  Cumulative  output 

b.  Rate  of  output 

Performance  characteristics  («.g.,  rrequency,  accuracy, 

Jamubility,  discrimination  capability) 

d.  Hiysical  characteristics  (e.g.,  volume,  number  of  tubes  or 

transistors,  number  of  stages) 

e.  Combinations  of  the  above 

(h)  Manufacturing  overnead  cost  (for  various  classes  of  components)  broker, 
down  into  "fixed"  and  "variable,"  with  the  variable  portion  expressed 
as  a  function  of  rate  of  output,  cumulative  output,  degree  of 
utilization  of  plant  capacity,  etc- 

(5)  Material  coot  per  pound  (for  various  types  of  components)  as  a 
function  of  cumulative  output 

(6)  Engineering  coot  (for  vurlouo  classeo  of  components)  as  a  function  of: 
a.  Cumulative  output 

h.  peak  production  rate 

c.  Weight  of  the  component 

d.  .Slope  o'  he  direct  labor  progress  curve 

e.  Performance  characterlotico  of  the  component 

f.  Equipment  modifications 

g.  Combinations  of  the  above 

(7)  Eulllotic  miooilo  booster  coot  us  a  function  of  weight,  qu>ntlty, 
typo  of  propellant  etc.  (3epamtc  relationoliipo  for  each  of  the 
-a  lor  components  of  the  boooter) 

(0)  High  power  prime  ndar  equipment  coot  ao  n  function  of  peak  power 
and  antennu  urea 
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Direct  labor  houm,  with  aluminum 

m1  ►  1/  » r\  ll«  {•  K«  HU 


The  table  Indicate*  that  to  perform  operation  "X”  on.  rno  given  eub-cowponent 
made  of  stainless  eteel  would  requlro  twice  the  direct  labor  hour*  neceeeary 
on  a  comparable  Item  made  of  aluminum;  operation  "Y"  ueing  titanium  would 
require  7  timet  the  direct  labor  hour*  of  a  alallar  aluminum  Item;  and  *o 

on. 

Thla  approach  :o  eh*  problaai  i*  admittedly  aomawhat  difficult,  and  It 
cannot  be  carried  out  with  a  high  degree  of  precision.  but  no  better 
method  haa  yat  been  developed. 

&Kliqin<>  gaulawat 

Thle  cateogry  include*  item*  of  support  equipment  which  ere  epeclel- 
Iced  to  the  primary  ml  talon  equipment,  for  many  future  ayatame  (especially 
ballistic  missile  and  antelUt*  jyetams)  tha  coat  of  specialised  <  qulpusent 
uia,v  be  l«rgs.  In  seme  cast;  it  is  already  the  largest  single  « lament  in 
system  Investment  cost. 

From  the  nature  of  epecializad  equipment,  its  components  vary  con¬ 
siderably  from  on*  system  to  another.  Three  example*  are  given  in  Table  8. 
Formalized  techniques  of  coat  eecimacicn  for  specialized  equipment  are 
still  in  the  early  atugaa  of  development  ct  RAND. 

The  current  procedure— -admittedly  a  provisional  ono--ls  to  project 
Mnnclnl  Irod  equipment  requirement:  and  costs  .■’or  future  systems  on  the  bawls 
of  what  Is  Unown  about  current  development  programs.  Projections  for  futuro 
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Tnblo  7 

COST-EaWMATi:iO  RELATIONSHIPS  (EXAMPLES) 

(1)  Airframe  direct  labor  coat  per  pound  of  airframe  weight  as  a  Amotion 
of  cumulative  output  and/or  rate  of  output 

(2)  Coat  per  pound  of  airframe  weight  adjustment  to  bo  uood  in  conjunction 
with  (1)  above.  (This  io  necoosary  because  past  experience  indicates* 
that  production  coat  per  pound  toads  to  vary  inversely  with  the  weight 

Of  the  SirfiSTiia  .  ) 

(3)  Airborne  rodnr  equipment  cost  as  a  function  of: 

a.  Cumulative  output 

b.  Rate  of  output 

c.  Performance  characteristics  (e.g.,  frequency,  accuracy, 

jamablllty,  discrimination  capability) 

d.  Riysical  characteristics  (e.g..  volume,  number  of  tubes  or 

transistors,  numbtr  of  stages) 

e.  Combinations  of  the  above 

(l*)  Manufacturing  overhead  cost  (for  various  classes  of  components)  broken 
down  into  "fixed"  and  "variable,"  with  the  variable  portion  expressed 
as  a  function  of  rate  of  output,  cumulative  output,  degree  of 
utilization  of  plant  capacity,  etc. 

(5)  Material  cost  per  pound  (for  various  types  of  components)  as  a 
function  of  cumulative  output 

(6)  Engineering  coot  (for  various  classes  of  components)  as  a  function  of: 
a.  Cumulative  output 

b*  Pea.:  production  rato 

c.  Weight  of  the  component 

d.  31opo  of  the  direct  labor  progress  curve 

e.  Performance  characteristics  of  the  component 

f.  Equipment  modifications 

g.  Combinations  of  the  above 

(7)  Ballistic  missile  booster  cost  as  a  function  of  woight,  quantity, 
typo  of  propellant,  etc.  (Separate  relationships  for  each  of  the 
major  components  of  the  booster) 

(0)  High  power  prime  radar  equipment  cost  as  a  function  of  peak  power 
and  antenna  araa 
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FM-269D 

-33- 


{ i)  For  n  bul 11 otic  mienllo  oyntcm: 

Launching 
Hlunllo  handling 
Control 
Checkout 

Power  aiul  prooaurlration 
Cabling  and  ccnmunleatlone 

Special  transport  vehicleo  (mobile  syntema  only) 
Special  maintenance  equipment 

Spocial  simulation  equipment  (for  training  purpoaen) 

(2)  For  a  satellite  reconnaissance  system: 

Launching 

Checkout 

Training 

Readout 

Maintenance 

Communications  tle-ln  network 

(3)  For  a  high  performance  fighter  aircraft  aystem: 

Aircraft  aerviclng  equipment 
Special  trucks  and  trailers 
Missile  aerviclng  equl^.ent 
Special  Maintenance  sad  teat  equipment 
Specialised  alnulatlon  equipment 


:  | i  »./ .  \V-  -  .*■%  ■ .  -1',  ” 
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systems  are  made  by  equipment  entogory,  modifying  current  oyatema  data 
on  tno  bum ii  of  itucii  items  a*.  («)  rise  ar.d  wslght  of  tbs  future  flight 
vehicle  and  (i>)  nature  and  complexity  of  the  preflight  countdown  end  the 
periodic,  pencetlme  checkouts. 


The  cast  of  ail  Initial  equipment  not  included  In  the  two  previous 
categories  Is  included  here.  This  category  contains  such  liens  as  tactical 
unit  support  aircraft  (If  bought  from  currant  production) ,  general  purpose 
vehicles,  construction  equipment,  materlale-hendllng  equipment,  general 
purpose  communication*  and  teat  aqulpmant,  mess  hall  equipment,  special 
flying  clotnlng  and  similar  individual  aqulpment,  and  general  purpose 
maintenance  aqulpmant. 

Tactical  unit  support  aircraft*  are  usually  aircraft  which  have 
already  been  paid  for  and  have  finished  their  service  in  the  first  line, 
and  arc  therefore  regarded  as  cost  free,  however,  if  aircraft  are  bought 
from  current  production,  the  cost  la  treated  as  Investment  and  la  computed 
In  uasentlally  the  same  way  ss  for  primary  mission  aircraft. 

r.xcepc  for  tactical  unit  support  ulrctafL  (and  except  for  special  caeca 
uhero  an  estimate  Is  built  upon  detail!,  other  equipment  cost  Is  generally 
estimated  us  u  function  of  number  of  military  personnel,  estimating  equa¬ 
tions  relating  the  cost  of  this  equipment  to  numbor  of  military  personnel 
for  various  types  of  combat  and  support  organizations  have  been  developed 
by  H.Jiu  through  detailed  analyses  of  air  Forco  Unit  authorization  Lists.** 

*bxamr»las  arc  transports  assigned  to  a  tactical  unit  for  logistic  sup¬ 
port  and/or  administrative  purposes,  and  trainer  aircraft  assigned  to  the 
tuctlcul  unit  for  on-thu-Job  pilot  training, 

**Xor  those  lists  nee  USi\P  Monetary  Report  or.  Unit  Authorization  Liar 
houlPin-.-nt .  Directorate  of  Statistical  Services,  HqUSAF  (Secret),  published 
annually. 
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MOCKS 


Thu  cotii.iiiui.ux  arwi  if£ccti“s  operation  of  a  ia  in  larr.c 

munaurt:  <iep«ndent  on  the  ready  availability  of  curtain  supplies,  nir 
Force  combat  and  support  or sanitations  must  >tavc  on  hand  supplies  of  fuole, 
lubricants  and  propellents,  maintenance  supplies  and  parts,  spurt  aircraft 
anginas,  etc. 

The  costs  incurred  in  establishing  these  initial  Inventories  at  the 
time  a  combat  unit  ia  formed  are  included  under  the  Investment  category 
called  stocks.  RAND's  concept  of  stocks  is  e  broad  ono.  The  term  is 
defined  to  mean  net  only  initial  inventories  on  hand  with  tho  combat  unit, 
but  also  the  wilt's  pro  rets  share  of  auppllea  at  tho  Air  Materiel  Command 
depots  end  the  supplies  in  the  pipeline  from  manufacturing  plant  to  depot. 

For  convenience  In  computation  and  presentation,  the  cetegory  has  been 
broken  down  Into  tvo  subcategories:  Initial  stock  level,  and  equipment 
spares  end  spare  parts. 

Mvtl 

This  cetegory  includes  items  (Including  War  Readiness  Material  stock, 
vAxere  appropriate*)  such  ee  personnel  supplies,  installations  maintenance 
supplies,  organisational  equipment  supplies,  POL.  prepellente,  etc.  The 
alee  of  the  initial  stock  is  e  proportion  of  tho  estimated  annual  consump¬ 
tion,  depending  upon  the  ->unbsr  of  days  of  consumption  to  bo  provided  for 
as  retired  by  Air  Fores  yenning  documents.  Thus,  if  73  days  of  supplies 
are  to  ho  on  bond  as  initial  stooke,  tho  cost  would  be  75/363  times  tho 
cost  of  tho  supplies  needed  for  ono  year's  operation. 

»»oo  VIA?  Met trial  Program  guidance .  F-62-1,  Vol.  IX,  published  by 
the  Directorate  of  Materiel  Programs ,  HqUSAP  (Secret). 
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EfliL(jM£!it;-S^ar.gji_anii.  Spavc  I'grta 

This  category  includes  the  coats  of  initial  stocks  of  eparen  and 
spare  part#  (including  War  Readiness  Material  stocko.  where  appropriate) 


tor  the  following  types  of  equipment: 

(1)  Primary  mission  equipment  (e.g. ,  missiles,  aircraft,  prime  radar) 

(2)  Sped  allied  equipment  (e.g.,  ground  support  equipment) 

(3)  Unit  support  aircraft  (if  auch  aircraft  ar«  procurad  new) 

Tha  coat  is  computad  by  taking  a  percentage  of  the  lnveatment  coat  of 
the  Item  of  equipment  to  which  the  spares  and  apart  parta  pertain.  RAND 
has  davalopsd  approprlata  percentages  by  analysis  of  USAF  budget  and 
contract  data,  for  varleua  classes  of  equipment,  Including) 


Manned  aircraft: 

Bomber  a 
Fighters 

Cargo  and  mlecallenaoua 
Missllas: 

GAR* 


GAMs 

Ballistic  missiles 
air  breathing  missllas 
Drones 

(For  some  types  of  missiles  different  percentages  are 
ueed  for  the  major  components  of  the  missile: 
airframes,  propulsion,  guidance,  etc.) 

Surveillance  equipment 
Specialized  equipment: 


(Different  percentages  are  used,  depending  upon  the 
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equipment  is  designed  to  support) 


INITIAL  TRAINInG 


These  costs  cover: 

(1)  Formal  trnining  ncceassry  to  bring  each  man  up  to  tha  level 
of  skill  required  for  his  occupation  with  the  new  system. 
This  Includes  direct  costs  (pay  and  allowances  of  etuduncs, 
pay  and  allowances  of  Instructors,  etc.),  lndiroct  costs 
(pro  rata  share  of  pay  and  allowances  of  support  personnel, 
base  support  costs,  training  command  overhead,  etc.)  and 
pro  rata  share  of  depot  maintenance  costs  for  courses  using 
trainer  aircraft. 


m-v&fj 
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(2)  Ml  .in  lien  conuuincd  lii  live  flringu  during  the  Initial  cmlnlng 
o:  pcrnonr.cl  Ter  a  new  weapon  iiystcm,  Tho  coot  of  ehenc 
In  coraput  mi  by  ih«t  IjiLugrarcd  primary  equipment 
costing  method  Illustrated  by  Table  A. 

A  nrernquini to  for  calculating  initial  training  cost  in  the  determina¬ 
tion  of  puraonnel  requirement u  by  occupational  classification  {or  in  norao 
canon  groups  of  occupational  classifications).  For  current  and  near-future 
uystemn,  personnel  requlrementn  may  be  obtained  from  USaF  Organization 
Tallinn,  Unit  Manning  Documents  and  related  manning  documents .  (The  data 
taken  from  these  documents  may  have  to  be  adjusted  if  tho  operational  con¬ 
cepts  of  the  system  under  study  differ  significantly  from  those  assumed  in 
the  documents.)  For  distant-future  systems  for  which  manning  documents 
do  not  exist,  it  is  necessary  to  build  up  personnel  requirements  from 
detailed  examination  of  the  system's  organizational  and  deployment  plan, 
alert  capability  requirements,  activity  rate,  und  other  elements  of  the 
system  operational  concept.  Determination  of  personnel  requirements  is  e 
complicated  problem  which  can  only  be  touched  on  here.  It  is  discussed  in 
more  detail  in  the  Appendix. 

The  next  step  is  to  determine  the  initial  training  requirements.  i 

! 

This  say  not  bs  saay.  because  training  requirements  for  e  nev?  system  ere  | 

often  dependent  upon  concurrent  developments  in  other  systems.  The  problem  j 

Is  on o  of  Incremental  costing. 

An  example  will  make  this  clear,  Assume  the  following  conditions: 

(1)  A  new  bomber  system  A  is  being  phased  in  to  the  active  Inventory.  j 

(2)  Existing  bomber  system  B  is  to  stay  in  the  force  at  its  current  j 

level. 


(3)  As  part  of  a  general  change  in  the  total  force  structure,  bomber 
system  C  and  fighter  system  D  ars  phasing  out.  rapidly. 


I51-.  <•')'• 
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IL  Is  clear  that  tln>  Initial  training  requirement'!  for  A  will  not  be 
equal  to  the  total  personnel  skill  levels  demanded  by  A.  Moot  of  those 
skills  may  be  obtained  in  varying  degrees  Iran  personnel  released  by  the 
rapid  phase-out  of  C  and  D.  Gome  of  these  personnel  can  be  transferred 
directly  to  A  without  having  any  transition  training.  For  ouch  occupa¬ 
tional  specialities  the  initial  porsuimal  training  requirement  and  coot  to 
A  is  zero.  In  tho  case  of  other  skill  levelo  demanded  by  A,  personnel 
being  transferred  to  A  from  C  and  D  will  need  transition  training.  The 
coat  of  this  training  io  charged  ao  an  initial  training  cost  to  A.  Finally, 
there  will  probably  bo  requirements  which  cannot  be  met  by  transfer  of 
ukilled  men  or  by  transition  training.  The  cost  of  producing  these  new 
skills  la  uloo  charged  to  A  as  an  initial  training  coot.  But  the  total 
initial  training  coot  for  A  io  leso  than  it  would  bo  if  there  were  no 
tranofer  of  skills.  How  much  leoo  depends  primarily  upon  tho  rate  of 
phase-out  of  C  and  V,  and  tho  extent  of  the  carryover  of  skill  levola  from 
C  and  1)  to  A. 

But  ever,  this  is  not  the  whole  story.  System  B  has  not  yet  been  taken 
into  account.  Although  B  does  not  have  an  Initial  training  requirement 
during  the  period  under  consideration,  it  docs  have  a  replacement  training 
requirement  stemming  from  normal  personnel  turnover.  Much  of  thlo  replace¬ 
ment  training  requirement  can  be  mot  by  transfer  of  pcroonnol  released  fran 
C  and  D,  either  ut  zero  cost  or  at  the  coot  of  tho  necessary  transition 
training.  But  the  extent  to  which  B  can  draw  on  those  personnel  may  depend 
on  the  demands  of  A.  If  tho  pool  of  released  personnel  is  not  largo  enough 


to  uutiuiy  all  demands,  a  priority 


schedule  is  to  rtoterrr.ir.e  the  allo¬ 


I 


) 


cations  to  specific  systems. 
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Xli.:  <  oitrlusion  must  be  that  the  initial  training  coul  i'or  a  given 
system  io  beat  determined  within  the  context  of  the  total  force  structure. 
Only  in  thin  netting  can  the  numerous  interrelations  among  the  various 
Air  Force  >iynt.ams  and  other  activities  be  taken  into  account.  A  further 
point  is  tlmt  initial  training  (an  investment  coot)  and  replacement 
training  (an  operation  coot)  must  be  estimated  simultaneously — a  situation 
analogous  to  the  integrated  costing  of  primary  mission  equipment  discussed 
provlouoly.  After  training  requirements  have  boen  determined  as  outlined 
above,  and  the  availability  of  fully  trair.od  personnel  has  been  taken  into 
account,  tho  coot  of  training  is  estimated  for  each  speciality  by  multi¬ 
plying  the  numbor  requiring  complete  or  transition  training  by  a  factor 

representing  the  per  man  coat  of  the  training.  Whore  complete  training  is 

# 

required,  the  coat  factors  are  given  in  Air  Force  publications. 

For  transition  training,  which  is  the  more  froquent  case,  other 
factors  should  bo  used,  and  these  must  often  be  developed  by  the  cost 
analyst  in  the  course  or  the  analysis.  Approximations  to  such  factors  for 
vurlouu  occupational  categories  and  groups  of  categories  have  been  derived 
at  HA TO  through  study  of  tho  training  costs  per  man  required  to  produce  a 
giver,  skill  level  beginning  with  various  levels  of  preparedness.  The 
results  can  be  expressed  in  tho  following  form: 


See  especially  Peacetime  Planning  Factors  Manual,  HqUSAF  (Secret). 
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Transition  Training  Cost  f.6T.  Hah  for  a  Clven 


lM-2f:95 

I  A 

-  *IV- 


Activity  it2jB_which 


Activity  Jtfi.  which 


D 

K 


A  B  $  C 

?  500  91500  $2000 

2500  1000  1000 

1000  1500  1000 


Matrices  of  this  ty«a  «ra  basic  to  the  costing  of  training  require¬ 
ments.  lhelr  elements  are  net  easy  to  derive,  and  additional  data  and 
analysia  will  be  needed. 

Altheugh  the  meet  satlefectory  way  to  determine  training  requirements 
and  coats  Is  by  the  use  of  an  Integrated  estimating  technique  Involving 
all  the  relevant  systems,  there  are  occeelens  when  thle  Is  net  practicable 
outside  of  total  force  structure  anelyots.  For  estimates  of  training  coats 
for  a  weapon  syetem  considered  In  isolation,  one  of  the  following  approachee 
may  ba  used  to  obtain  jn  approximation t 

iU  Examine  a  similar  weapon  system  recently  phased  In,  and  assume 
that  the  new  syetem  will  experience  a  similar  carryover  of 
skills  from  other  uctivltlee, 

(2)  .wuuww  a  fores  structure  in  bread  outline  for  content  purposes, 
and  freta  this  lnfsr  what  the  carryover  of  sklllo  would  be. 

(3)  For  dletunt  future  systems,  neither  (1)  nor  (2)  may  ba  practi¬ 
cable.  In  such  cuts,  it  is  probably  bast  to  assums  thst  <11 
psrsonnsl  must  be  completely  trained,  and  to  treat  the 
resulting  cost  as  an  upper  limit. 

MISCELLANEOUS  INVESTMENT 

This  category  contains  thn  following  ltcs's:  initial  transportation, 
initial  travel,  and  intermediate  and  support  major  conuumd  investment  cost. 


TUlo  Includes  the  coat  of  transportation  of  all  initial  aupplica  and 
uquipmnnt,  except  aircraft  end  materials  used  In  csnstructlen  of  base 
facilities.  Aircraft  are  assumed  to  be  transported  undar  their  own 
power,  and  construction  coat  factors  used  to  compute  the  initial  Cost  of 
installations  include  an  allowance  for  first-destination  transportation. 

Initial  transportation  cost  la  normally  computed  by  the  use  of 
equations  which  relate  the  cost  of  Initial  transportation  to  (1)  the 
number  of  military  paraonnal  and  (2)  the  Initial  coat  of  aqulpmont  exclud¬ 
ing  aircraft.  Separate  estimating  equations  are  us  d  for  aircraft;  missile, 
and  surveillance  systems. 

In  moat  cases  Initial  transportation  Is  a  very  small  fraction  of  total 
syatem  investment  cost,  although  there  are  Important  exception*,  such  as 
tha  D5W  and  BMEVS  systems, 

IttUU 1  ftwai 

This  Includes  tha  cost  of  transporting  personnel  and  thalr  dependant* 
to  the  operating  bases  when  s  system  Is  phased  In  to  tha  actlva  force. 

Initial  travel  cost  Is  estimated  by  the  use  of  equations  relating  it 
to  nuobare  of  rilltary  personnel,  different  aquations  balng  used  for  loca¬ 
tions  In  the  ZX  and  overseas.  Initial  travel  cost  Is  typically  a  vary 
small  fraction  of  total  system  Investment  cost. 

Intermediate  and  duanort  Malar  Cmm.ni!  Investment  Coat 

This  category  Includes  Investments  made  et  the  Intermediate  and  • up¬ 


per  t  majer  command  level  which  uan  be  specifically  identified  with  the 
particular  syatem  under  consideration.  Examples  era  the  following: 
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(1)  The  initial  cost  ot  simulation  equipment  (Including  Initial  \ 

sparer)  to  be  used  by  the  Air  Training  Conmand  In  direct  ! 

training  support  of  a  given  system.  ! 

(2)  The  Initial  coat  of  primary  mieeien  equipment  (including 
initial  aparaa)  to  be  uaad  by  the  Air  Training  Command  in 
direct  training  support  of  a  given  ayitam  (e.g. ,  tha  f-102* 
assigned  to  the  ATG  to  support  the  F-102  program,  both  for 
initial  and  replacement  training,) 

(3)  Investment  in  new  equipment  and/or  facilities  at  Air 
Material  Command  for  depet  maintenance  auppert  of  e  given 
eye  tern. 

Except  for  costing  of  equipment,  the  techniques  for  costing  Items  in 

i 

this  category  are  largely  ad  hoc,  making  use  of  ell  the  relevant  informs-  j 

tlen  available  at  the  time.  In  tha  case  of  lnvaataents  at  AMC,  for  example, 
such  decuman te  as  Paooe  Maintenance  Facilities  Flannlna  Quids  and  £)£ 

Program  Guidance  may  be  halpful.  In  thla  category,  projection*  Into  the 
distent  future  are  necessarily  rather  crude. 

Operation  cost*  are  those  recurring  annual  outlays  which  are  needed 
to  operate  and  maintain  WIAF  activities  after  they  have  been  initiated 
Into  service. 

Our  analysis  deals  with  thee*  costs  in  aaven  major  categories,  which 
are  discussed  below, 

l tlwz  ULuli a  SauAmat; 

Tli*  cost  of  annual  attrition  ot  primary  mission  equipment  ie  accumu¬ 
lated  under  this  heading.  Attrition  rates  and  methods  used  to  compute 
annual  replacsmunt  requirements  depend  upon  the  type  ot  equipment  under 
consideration.  For  manned  aircraft,  replacement  requirements  are  determined 


■  in  i|i«  hiialu  of  th«  flying  hour  attrition  r«l«n  contained  in  the  Pence  tlrac 

Planning  Fttciuru  Hnnuji,. 

Kor  moot  mlnotle  systems,  the  attrition  problem  in  considerably 
different  from  that  for  manned  aircraft.  For  bulliotic  missiles  deployed 
in  underground  silos  in  a  constant  stats  of  readiness,  curtain  components 
(e.g, ,  gyros)  may  bo  in  continuous  operation  or  uxsrclsed  frequently  for 
checkout  purposes  while  other  components  (c.g. ,  solid  rocket  motors)  aro 
left  untouched  for  prolonged  periods  of  time.  Naturally,  significantly 
different  replacement  rates  may  be  expected  for  components  depending  upon 
how  actively  they  are  used  in  maintaining  alert  status.  It  Is  desirable 
there  fort  to  astleute  missile  attrition  at  the  component  level,  giving 
considerable  ettentlon  to  the  effect  of  plans  for  alert  status.  Data  on 
attrition  rotes  of  components  (airframes,  guidance,  power  plants)  should 
be  sought  from  contractor  estimates  of  the  lifespan  of  component!  under 
system  operating  conditions. 

The  costing  of  primary  mission  equipment  replacement*  Is  sccsmpllshed 
by  the  Integrated  equipment  coating  method  dlacuaaad  previously.  It  should 
be  noted  that  the  cost  of  equipment  replacement  Is  computed  only  for  as 
long  as  the  equipment  Is  scheduled  to  be  In  production  for  tho  Air  Force. 
After  that  time,  attrition  contlnuee  but  replacement  dose  not  take  piece 
and  there  is  no  replacement  cost. 

Specialised  Koulpment 

The  annuel  replacement  cost  of  specialised  equipment  Is  computed  by 
taking  a  percentage  of  the  Initial  Investment  cost  of  the  specialised 
equipment.  These  percentages  ure  derived  from  analyses  of  historical 
attrition  data  for  numerous  types  of  specialised  equipments  and  from 


contractor  estimates  of  average  aervlca  life  tar  varleue  future  equipments. 

Other  Kuulsinont 

This  category  Includes  the  coat  of  unit  support  aircraft  ?r s'4  other 
equipment  In  general.  The  unit  support  aircraft  port tan  of  the  category 
la  treated  In  the  following  manner,  ha  Indicated  previously,  theee 
aircraft  arc  often  second  line  aircraft  already  paid  for  and  hence  coat 
free  in  relation  to  the  new  ay at am.  However,  If  theee  aircraft  era  bought 
new,  annuel  attrition  cost  for  unit  support  aircraft  must  be  computed  as 
long  as  ths  aircraft  continue  to  be  purchased  by  the  Air  Force,  The 
computation  la  dene  in  eesentlelly  the  aame  manner  a*  for  primary  mission 
equipment. 

The  remaining  other  equipment  annual  coats  ars  eatlmatad  by  taking  a 
percentage  of  the  initial  Investment  coat  of  the  equipment.  The  replace¬ 
ment  percentages  uaed  In  (AMD  were  developed  from  analyst*  of  USAF  account¬ 
ing  report*,  such  as  the  At. 9:102  JBttUUI  HqUSAF. 


laatglUUgJii 

This  category  provide*  for  replacement  (In  kind)  of  worn  out  base 
A«cllitUi«  Ths  cost  is  determined  fjca  cqustic?.s  yhich  re  lilt  6  cost  to 
number  of  military  pariennal  and  geographical  location.  Separata  equations 
ere  used  for  manned  aircraft,  mlssila,  and  survsillancs  systsms.  A  dis¬ 
tinction  Is  mads  bstwssn  tonnnt  and  nen-cenant  organirations. 


MAINTENANCE 


fielsam 


This  category  represents  rhn  annual  eo3t  of  materials  used  at  base 


and  Air  Kaiuriol  Lomsand  dopots  for  lit*  scalncenence  of  «  unit's  primary 


■■nluiilon  aqulpmar.t  ,  plus  the  coet  'it  labor  «f,  rha  dapoc  level.  (Payroll 
cogl  “.aiioclalud  with  bane  mulntansnco  Is  Included  In  tho  pay  and  allowanoaa 
cost  category.)  It'  dapot  maintenance  is  performed  j*  a  contractor,  con¬ 
tractor  maintenance  1«  substituted  for  AMC  depot  maintenance  In  this 
category. 

For  manned  aircraft,  systems,  maintenance  coet  le  usually  estimated  at 
u  function  of  flying  hour*,  bssad  on  the  cost  factors  for  various  type*  of 
aircraft  given  In  the  Peacetime  Planning  racma  Manual. 

Missile  maintenance  cost  le  estimated  as  a  percentage  of  the  Initial 
Investment-  cost  of  the  primary  mission  equipment.  Percentages  for  this 
purpose  have  been  derived  from  analysis  of  maintenance  coet  data  for 
missile  systems  currently  In  operation.  Separate  maintenance  cost  factors 
have  bain  developed  for  the  major  components  (airframe,  power  plant,  and 
guidance)  of  varioua  type*  of  missiles. 

Surveillance  system  maintenance  cost  la  also  aar.lmar.ed  as  a  percentage 
of  the  Initial  Investment  cost  of  the  primary  mission  equipment.  Percent¬ 
ages  were  derived  from  an  analysis  of  radar  maintenance  coat  data  obtained 
from  the  Rome  Air  Materiel  Area  of  the  Air  Materiel  Command. 

auuauua  juiOamt 

Maintenance  cost  for  specialised  equipment  la  computed  aa  a  percentage 
of  the  initial  Investment  cost  of  the  equipment*  Percentages  for  various 
typos  of  squlpmcnt  have  bean  developed  at  RAND  from  studies  of  historical 
maintenance  cost  data  for  various  types  of  specialised  equipment. 
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heg  Saula 

The  main  item  hors  is  the  rtdlntetiinCc  cost  far  unit  support  aircraft. 

Li.  Lz  computed  in  the  sen*  manner  as  for  primary  million  aircraft.  (The 
maintenance  coiti  of  remaining  "other  equipment"  ara  included  under  major 
Category  F,  "Servlcei  and  ntlecellaneeue.") 

Thin  coita  represent  the  materials  and  contractual  services  required 
for  maintenance  of  the  unit's  base  facilities.  Pay  of  military  personnel 
aeaoclated  with  installations  maintenance  Is  not  Included  here  but  le 
accumulated  under  the  pay  end  allowances  category. 

Installations  maintenance  coat  le  computed  from  estimating  aquations 
which  relate  maintenance  to  the  initial  Investment  coat  of  base  facilities, 
to  the  number  of  military  peraonnel,  end  to  geographical  location.  Kqua- 
tlona  have  been  developed  for  manned  aircraft,  missile,  and  surveillance 
■yatems,  and  for  tenant  and  nen-tanant  organisations.  These  estimating 
functions  were  derived  from  an.  analysis  of  USAP  cost  rsperts,  e.g. ,  AP  C»100 

iftgimi  tojaart. 
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Annua!  training  cost  In  mads  up  as  follows: 

(1)  The  cost  of  training  rsplactmsnts  for  parsonnel  lsaving 
an  Air  Pores  unit  because  of  dischergs,  resignation, 
return  to  inactive  status,  etc. 

(2)  The  cost  of  any  misuilss  and  fuel  consumed  in  periodic 
live  firings  for  training  purposss.  (Mltsllsa  ers 
costed  by  tha  integrated  procedure  previously  described.) 

The  gross  replacsment  training  requirements  are  computed  on  the 

basis  of  current  USAP  personnel  turnovor  rates,  separate  rites  being  used 


itmoaaimaaiii 
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for  iitrmen,  pllotii,  other  ruted  officers,  and  other  officers.  Grono 
requirements  should.  If  possible,  b«  reduced  to  net  requirements  by  taking 
tuio  ic  count.  the  irdneffL  o l  partly  or  completely  trained  personnel  from 
other  GS.vF  activities.  Tho  procedure  It  the  seme  at  that  previously 
described  for  Initial  training  requirement*. 


M  AND  ALLOWANCES 

This  category  Include*  ba*lc  pay  (Including  longevity),  cash  subsis¬ 
tence  allowances,  cash  qusrter*  allowances,  gsnsral  officer  personal 
money  allowances,  heterd  pay,  maintenance  clothing  allowance,  overtime 
end  cost-of-living  allowances  for  civilians,  dislocation  allowance, 
retirement  deduction*,  end  Income  taxss  withheld,  plus  e  supplemental 
coat  which  Include*  lump-sum  paymsnts,  FICA  chergss,  subsistence,  per¬ 
manent  change  of  station  travel,  and  temporary  duty  travel  for  military 
personnel. 

The  cost  of  pay  and  allowance*  1*  determined  by  applying  appropriate 
factor*  to  the  numbers  of  psrsonnel  of  various  type  requlrsd  by  th*  unit. 
Sspsrate  ssts  of  factors,  one  for  chs  Zl,  another  set  for  overeats  loca¬ 
tions,  have  been  developed  for  civilian*,  rated  officers,  other  officer*, 
crew  airmen,  and  other  airmen. 

These  factors  were  dsrlvsd  from  an  enelyal*  of  budget  data  obtained 
from  USA?  budget  Justification  document;,* 


Primary  Mission  Equipment 

For  manned  aircraft  systems  the  annuel  cost  of  fuels  and  lubricants 


*For  example,  Uepertroent  of  the  Air  Force, 
PY  1960.  Jsnuary  30,  1959. 
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iii  estimated  <m  n  function  of  flying  hours  on  Che  bad*  of  factor*  (POL 
coac  per  flying  hour)  obtained  from  the  P*acetl»e  rieiming  factor*  Manual. 
For  distap.t-fueuru  systems  these  factors  must  be  adjusted  to  sllew  for 
the  performance  characteristics  of  the  future  aircraft.  In  Home  cases, 
estimate*  of  fuel  consumption  rates  may  be  obtained  from  the  technical 
specif icatlon*  of  the  syatam,  and  these  may  ba  costad  on  the  basis  of 
current  or  projected  fuel  and  lubricant  prices  as  appropriate. 

For  missile  systems  where  the  fuel  ie  net  an  Integral  part  of  the 
missile,  the  total  annual  fual  and  oxidant  requirements  ara  determined  on 
tha  basia  of  mlsalla  capacity  plua  estimated  transfer  and  evaperatlon 
losses. 

For  convantlenel  surveillance  syt'eae,  annual  fual  end  lubricant  coat 
la  aatlmated  aa  a  percentage  of  initial  primary  equipment  coat.  This  per¬ 
centage  wee  derived  from  an  analyele  of  aircraft  control  and  warning  alto 
operation  cost*  obtained  from  Headquartero  USAF  and  Air  Defense  Command 
coat  raperta.  For  advanced  system*  other  tachnlquaa  must  bo  used,  e.g, , 
fual  and  lubricant  cost  may  b*  estimated  aa  a  function  of  power  require¬ 
ment*  or  environmental  control  requirements. 


This  category  inoludet  the  cost  of  fuels  and  lubricants  for  unit 
support  aircraft,  computed  in  essentially  the  seme  way  at  for  primary 
mission  nircruft. 


Thin  cjifnoary  incitirios  a  i#»ro§  number  of  small  Items  of  operation 
cost,  the  aggregate  of  which  is  typically  s  small  proportion  of  tho  total 
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nnnusl  operation  cost  for 
cudt  is  relatively  small , 


obtained  from  .malynos  of 


u  weapon  or  support  system.  Since  the  aggregate 
It  is  estimated  by  tsujer  component  only,  using 
Ip.  sjit  esses  the  cost  factors  used  by  KANO  were 
USAV  budget  and  cost  rapert  date. 


TramiportiiLAgn 

The  annual  transportation  charge  Includes  the  cost  of  transporting  to 
the  base  the  replacement  equipment  and  the  supplies  consumed  during  that 
year.  It  Is  estimated  as  a  function  of  number  of  military  personnel  and 
of  the  total  cost  of  equipment  maintenance.  Separate  estimating  relation* 
ships  have  bean  developed  by  RAND  for  21  and  overseas  locations. 

Travel 

The  annual  operation  cost  for  travel  represent*  an  allowance  for  coat 
of  transportation  of  military  personnel  and  dependant*  Incident  to  narwal 
peacetime  turnover,  Xt  Is  computed  on  tha  basis  of  factor*  (separata  onaa 
for  tha  ZX  and  ovarsass)  relating  annual  travel  caat  to  number  of  military 
personnel. 

Pitas.  .airvteM  juiOUstUflUBMi 

This  catsgory  lncludss  annusl  operating  and  maintenance  costs  not 
included  In  any  of  thn  othsr  cstsgorlos.  An  attempt  Is  suds  to  taK*  Into 
account  the  cast  of  materials,  supplies.  and  contractual  services  for  such 
functions  as  bass  administration,  flight  service,  supply  operations,  food 
and  medical  sorvlcst,  and  operation  and  maintenance  of  organisational 
equipment.  These  costs  are  estimated  as  a  function  of  number  of  military 
personnel.  Separata  estimating  relationships  have  been  developed  (for 
both  tha  ZX  and  overseas)  for  contractual  services,  materials  and  susollcs. 
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nnd  nununttlan. 


Generali?  speaking,  tliaaa  costa  are  centldered  only  In  total  fore* 
structure  analysis  and  discussion  of  than  will  therefore  ba  postponed  to 
Chaptar  III,  Sxcaptlenally,  It  may  ba  daalrable  to  lnoluda  coat*  of  thl.a 
category  In  Individual  lyatea  analysis;  for  example,  In  relation  to  cartaln 
SAC  systflos,  tha  operation  coet  of  air  division  haedquartaru  Is  aealgned  to 
a  waapsn  systsm  If  tha  haadquartars  la  clasaly  ralatad  to  tha  system. 


According  to  tha  laglc  of  our  division  of  costs,  this  catagory  aaiat 
Include  gjLX  tha  costs  nacasaary  to  bring  a  aystesi  Into  raadlnass  for  lntro- 
duotlon  Into  tha  active  Inventory,  To  avoid  passible  confusion,  It  should 
be  pointed  out  that  this  usage  Is  considerably  broador  than  sons  of  tha 
specialised  meanings  conventionally  associated  with  tha  phrase  In  an  Air 
Force  context.  For  example,  the  Air  Force  "Sesaafeh,  Development ,  Tost 
and  Evaluation"  (600-monay)  budget  catagory  provides  for  slightly  over 
$1  billion  in  fiscal  year  1961,  whereat  tha  broader  usage  adopted  hare 
shows  a  cost  of  clsss  to  $3  billion  for  tha  same  period,*  This  larger 
»ua  reflects  tht  inclusion  of  costs  fro*  other  budget  categories  which 
esn  ba  properly  Identified  with  Air  Force  research  and  development  activi¬ 
ties.  These  Include  research  and  development  sheras  of  coats  for  procure¬ 
ment  (100- ,  200- ,  and  800-money),  construction  (300-meney),  operation  and 
maintenance  (AOO-swnsy),  and  military  pereennel  (300-money). 

*Uoth  of  those  sums  include  costs  of  non-systems  research  and  develop¬ 
ment  activities,  and  refer  to  the  total  force.  Our  usage  Is  the  mora 
inclusive  for  both  Individual  system  and  total  force  costs. 


Thu  coat  of  research  ar.d  dr.vrloptntmc  Ima  increased  during  recant  yeura 
because  of  the  demand  for  major  technological  advances  in  each  new  genera- 


cion  of  weapon  ay* terns  and  also  because  of  the  heavier  consumption  of  flight 
tart  vehicles  in  tnlaeile  and  space  system  development  compared  to  manned 
aircraft  development.  A  ballistic  missile  make*  only  ona  test  flight  while 
a  of  flight*  Cat*  be  expected  for  each  experimental  aircraft  fabri¬ 

cated. 


Concurrent  with  increased  spending  for  research  and  development,  the 
tlse  of  operational  forces  hat  tended  to  decrease,  and  thus  as  a  proportion 
of  total  weapon  eyetam  coat,  research  and  development  hee  taken  on  a  new 
Importance.  In  addition,  an  increasing  number  of  weapon  systems  are  either 
davs loped  and  nevar  put  to  operational  uaa  (e.g. ,  Navaho  end  Goose)  or 
phased  out  ester  very  limited  operational  procurement  (e.g, ,  Snark  and 
Jupiter).  The  increasing  length  of  time  required  for  weapon  development, 
the  accelerated  rate  of  technological  progress,  and  the  nature  of  our 
competltlcn  with  the  Soviets,  have  ell  contributed  to  unexpectedly  early 
project  termination. 

The  Implications  tor  military  budget  management  end  programing  are 
clear.  Better  and  longsr-rang*  research  and  development  cost  estimates 
ere  needed  both  for  evaluating  individual  weapon  system  propoeele  and  for 
estimating  the  funding  requirements  of  projected  total  force  structure*. 

a  word  of  cevtion  is  in  order  at  this  points  The  nature  of  rasssreh 
and  development  makes  ths  cost-#* titeating  task  s  difficult  one.  The 
existence  of  a  research  and  development  program  itself  implies  that  a 
propossd  system  1*  expected  to  have  a  previously  ucattalnsd  performance 
level  or  a  combination  of  properties  never  before  incorporated  in  a  single 


system.  It*  final  c*nf lguratlon  and  perhaps  svan  it*  successful  develep- 
t“nt  are  uncertain.  Tha  design,  the  aathada  of  fabrication,  and  the 
manpower,  ss&erlal,  and  facility  requirement*  cannat  be  described  precisely 
at  tha  tins  a  project  la  started.  All  these  uncertainties  Indicate  the 
need  fer  analysis  to  produce,  net  a  single  figure,  but  a  range  of  reason¬ 
able  values. 

table  9  displays  the  Major  categories  used  at  BASW  fer  analyst#  of 
research  end  development  costs,  the  etructurs  shown  is  lmteodad  for  sys¬ 
tems  built  around  an  aaraspaea  vohlala,  but  It  Is  adaptable  for  electronic 
ceestand  and  central  and  other  support  systssM.  Basically,  tha  table  dis¬ 
tinguishes  between  systan  costs  (Catogovlos  l,  II,  and  XXX )  and  oeo-syston 
casts  (Category  If),  the  lattor  are  dealt  with  as  part  of  total  foroa 
cast  analysis,  and  detailed  discussion  of  than  can  be  found  In  Chaptor  XXX. 


This  eattgory  of tan  rapr assets  a  slaabla  share  of  tha  total  research 
and  development  cost  of  ths  aysten,  eapaelally  If  substantial  advances  In 
tschnolegy  era  rsqulrad,  Generally,  the  amount  of  doelgn  work,  tha  number 
of  breadboard  models  and  aockups,  and  tha  nuabar  of  toots  which  may  be 
required  before  an  accsptable  configuration  is  achieved,  cannot  6s  estisated 
In  advenes  with  great  precisian.  Althaugh  It  Is  helpful  to  divide  tha 
category  into  the  three  sub-catugories  listed  in  Table  9,  In  practice  our 
technique*  art  not  yet  sufficiently  refined  to  enable  ue  to  cost  etch 
separately.  This  category  Is  usually  costed  as  a  singla  Item,  the  estimate 
being  based  on  analogy  with  similar  systems  developed  In  the  past. 


v».« 


of  oouraa.  suitable  record?  of  ys* ipen 


and  support  system  research  and  development  costs  structured  in  accordance 
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RS81ARCH  AMD  DKVELOWQMT  COST  CatkuORXbs 


/stem  DcvsXopuscu^ 


1 


fgSfer 

,.rZ.r< 


A.  Preliminary  study  and  dcolgn. 

D.  Design  engineering:  the  scientific  and  onglneorlng  oervices 
conducted  within  a  contractor's  own  facilities,  including 
development  testing  of  sub- systems  and  combinations  of 
sub- system 3-  For  a  bsLllistie  missile  development  program 
this  includes  design  and  development  work  on  all  sub¬ 
systems,  together  with  special  instrumentation  and  ground 
equipment  for  launch,  checkout,  and  control.  Wind  tunnel, 
structural,  environmental,  and  reliability  tests  may  be 
needed. 

C.  Hardware  fabrication:  breadboard  models,  tnockups,  and 
special  teet  articles;  special  Jigs,  dies,  fixtures,  and 
other  tooling  required  primarily  for  development  and 
development  testing. 

II.  gystaa  Test  and  Evaluation 

A.  Vehicle  fabrication:  the  complete  system  produced  for  the 
test  inventory;  equipment  spares;  and  pro  rata  shares  of 
new  industrial  equipment  and  facilities  required  for 
plant  expansion. 

d.  Captive  test  operations. 

C.  Flight  test  op-  at lorn.:  including  fuels  and  propellants 

used;  data  reduction,  analysis,  and  reporting. 

D.  Test  equipment:  such  as  launchers,  checkout  consoles, 

handling  devices,  guidance  and  computer  systems  for  use  at 
test  sites;  instrumentation;  and  equipment  spares. 

d.  Installations:  design  and  construction  of  test  facilities. 

III.  Other  System  end  Osvslnpasnt  Costs 

A.  Depot  maintenance  end  supply  support. 

B.  Miscellaneous. 

IV.  Research  and  Other  Non-fljyatem  Activities  (used  in  tetel  feres  cost 


r1  * 
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wlth  Table  9,  tcgsther  with  detailed  description*  of  the  systems.  The 
selection  of  an  appropriate  analog  requires  mere  then  hardwire  similarity. 
Such  considerations  as  the  following  should  be  in  the  analyst's  mind: 

Hew  many  components  require  substantial  advances  ir  technology,  end  to 
what  degrte?  Is  tha  development  a  "crash"  or  a  sura  routine  program?  Are 
may  special  sanagsssnt.  arrangersacts  required? 

These  considerations  suggest  the  extent  to  which  tha  eetlautlon  of 
system  development  casts  Is  a  subjective  procedure.  One  quantitative 
guide  la  the  "engineer ing-heur"  requirement.  Altheugh  tha  definition  of 
this  requirement  varies  from  contractor  to  contractor,  tha  data  can  ba 
lntarprotod  by  the  anelyet  to  provldo  an  index  of  development  teats  or  to 
aaalat  him  in  adjusting  tha  costa  of  analogous  »y atoms.  Engineering-hour 
date  should  therefore  be  included  wharavar  possible  in  the  analyst's 
library  of  information. 

?Y8T«H  UK  MJttWIAim 

The  subcatogorlee  listed  under  this  heeding  can  be  estimated  sepa¬ 
rately,  and  we  have  developed  somewhat  formalised  techniques  for  this 
purpose.  The  result  is  a  total  coat  estimate  for  the  category  which  can 
be  more  generally  relied  upon  than  tha  estimate  o£  system  development  Coats. 

The  methed  for  estimating  the  cost  of  test  vehicle  fabrication  is 
very  similar  to  that  used  in  estimating  tha  coat  of  units  intended  for  tha 
operational  inventory.  In  fact,  in  tha  current  ballistic  missile  progremr, 
operational  and  flight  test  items  are  fabricated  elds  by  side  ee  members 
of  e  given  production  lot.  Derivation  of  tha  coat  of  vehicles  intended 
for  either  application  requires  preparation  of  an  improvement  curve  for 
all  the  units  produced  up  to  any  glvsn  quantity.  Test  vehicles  usually 


zzfimM 
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require  telemetering  and  ocher  data  recording  devices  not  Included  In  the 
operation!) )  hardwere,  lhe  cost  of  chin  cuet  equipment  is  borne  by  the 


xzt  b“  included  i»i  any  of  fotn  1  flight:  hardwire 


requirements. 


The  coeta  of  captive  and  flight  toet  operations  are  eeparately  esti¬ 
mated  on  a  "par-flight"  oasis,  with  unit  costs  derived  from  data  for 
analogous  systems  the  actual  costs  of  which  are  already  known.  Care  la 
taken  to  account  for  the  effects  of  such  thing*  at  »>re  or  lee*  crowded 
teat  ranges,  difference*  in  test-crew  experience,  and  change*  In  teat 
procedures  and  cast  inscrusMncacion. 


H 


the  availability  of  usable  fecilttias  already  in  existence.  Cost  analysis 
therefore  require*  current  information  shout  the  probable  future  avail¬ 
ability  of  facilitie*  and  the  coets  of  varioue  kind*  of  modification. 

Table  1C  provides  a  useful  format  for  assembling  a  library  of  cost 
data  about  axistlng  tost  facilities— in  this  example,  for  mleill*  teat 
facilities.  The  seme  format  may  be  usad  for  in-plant,  static,  flight,  and 
operational  suitability  test  sites.  Basically,  it  shows  sup  rt  aqulpaient 
and  Installation  rsquirsosnts ,  broken  down  by  major  type  and  by  location. 

Tn  our  txpsrisr.es,  analysis  of  iscstlcn  Is  hslpful  in  avoidinj  tr?o?s  of 
omission.  Most  of  the  srrors  which  are  likely  to  arise  in  estimating  cost* 
cf  vsspvt  system  ground  environments,  both  for  test  end  for  operational 
use,  derive  from  underestimation  of  raquiromsnta  rathar  than  from  mlstakas 
in  the  costing  of  dsslgnsr-spsciflsd  item*.  Complstsnsss  of  ths  requlre- 


ment  can  be  checked  by  s  compsrleon  of  system*  on  s  efie-by-eit*  basis. 
Tsbls  10  lo,  however,  only  a  atiataary.  Much  additions!  Information 
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both  cost  data  and  descriptive  material,  should  ba  obtained  and  recorded 
for  each  numbered  element,  a»  is  shown  in  outline  in  Table  11.  Infoima- 
.frut  the  rhYairgii  characteristics  of  launch  end  mieeile  handling 
equipment,  the  load-bearing  capacity  of  launch  pade,  end  the  data-procsas- 
lng  capabilities  of  control  and  checkout  gear,  la  likely  to  be  particularly 
useful  in  forecasting  the  requirement,!  of  n«W  iy.Cima. 

OTHER  SYSTEM  RESEARCH  AND  DEVELOPMENT  COSTS. 

Costs  in  this  catagory  ere  currently  being  estimated  as  a  percentage 
of  the  total  of  Categories  I  end  IX  in  Table  9. 


TK3T  mCII.ITIHI:  UUrmMUMML  Uttt)l«ATlOM 


I.  twill  for  Tail  touluaant  (Oro-ind  Support)  II.  twin  for  T»at  XnataDatlont 


1(A) 

Hold  daw  and  launch  aoooably 

1(A) 

1 .  Launch  pad 

2. 

Oupport  aim)  •  rtoiioii  neunenvaa 

2a  ujng  duration  llama  miwuUij 

1(C) 

1. 

Allgraent  nM«  fur  the  tuiocile 

1(B) 

X.  Control  center  blookhouee 

2. 

Cradle  for  the  boootfr  euotlon 

1(0 

1.  Maintenance  and  atora*a  bulldlnta 

1(D) 

1. 

Trallei  for  boootor  handling 

f% 

Hlttlle  atreltraller 

2(A) 

1.  Water  Xlnoa 

2*  Waoh-dovn  hydrant*  and  llnoe 

8(A) 

1. 

Control  unit  fer  the  electrical  pure*  oyet%« 

3.  Electrical  dletrlbutlon 

2. 

AutOMAtlo  pilot  control  group 

2(B) 

3- 

Control  unit  for  apodal  tank  preoeurltatlon 

la  Water  dlotrlbutlon 

2#  Electrical  dlotrlbutlon 

2(B) 

1. 

Recorder  group 

2(C) 

2_. 

Perils  znt  ccnsoloo 

1.  Uttar  dUtrltatlin 

3- 

fault  location  unit 

2.  electrical  dlotrlbutlon 

4(0 

Toot  oota 

2(D) 

1.  Puvar  aukaUttMt 

2. 

Malay  tut  prograwalrfl  klta 

2.  water  Maine,  eto. 

3* 

Automatic  prograaaaad  chadurjt  a*ulpatnt 

2(D) 

1. 

Mobllv  talmatarln*  ohackout  a^ulpaant 

3(A) 

1.  Md««.Ua 

2. 

TrallarUad  nalntananoa  checkout  aqulpoant 

3(B) 

1.  Parkin*  araae 

2.  Sldavalka 

3(A) 

1. 

Pwtr  eupyly  tiKshly 

3(C) 

2. 

Rover  dlotrlbutlon  unit 

1.  Parkin*  araaa 

3- 

Hydraulic  puaplnc  unit 

2.  Sldevalke 

3(») 

X. 

electrical  equipment  cab 1 not 

3(D) 

1.  fancaa 

2. 

Rover  ouDDly 

2.  Itoado 

3*  Oate  facllltieo 

3(C) 

X. 

Tranoiotor  power  oupply 

2. 

2: 

Klyotron  tube 

Nitrogen  charging  panol  aeoonbly 

Hydraulic  yunplng  unit 

3(D) 

X. 

Rover  dlotrlbutlon  trailer 

m(a) 

1. 

utbmoai  cable  Kit 

2. 

Interconnecting  cable  kit 

Mb) 

1. 

Dlotrlbutlon  unit  cable 

2. 

Interconnecting  cable  kit 

:*(c) 

i. 

Special  uheukuuv  C»bl«  kit 

2. 

Checkout  dlotrlbutlon  unit  cablo 

Md) 

1. 

LCC  to  launchor  Interconnecting  cablo  kit 

n  . .  niii  hud  n  I  ~  -  i  •  rir ~r ~r  igtnwinwr n  ~ 
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W3i  AftAJuijta  ur  tm  a  rvr\u£  onw^tmuij 

In  our  (Uacuaeion  or  corn.  ar<alyale  £01  individual  ay-scams,  va  ‘.Java 
ulrnad /  touched  on  problems  which  required  the  particular  ayatem  to  be 
treated  In  relation  to  other  ayatams  and  non-ayatem  activltlea.  A  new 
ayates  say  »aa  baae  facilities  already  in  being,  it  may  eaiploy  peraor.nel 
already  tralnad,  and  it  may  ambedy  the  reaulta  of  baaic  and  applied 
racearch  carried  out  by  the  Air  Force  without  reference  to  apeclflc  aye- 
tame.  Xn  thla  chapter  we  take  theae  relatlonahlpa  explicitly  Into  account. 

In  lta  more  general  aanae,  total  force  coat  anelyeie  refera  to  the 
coating  of  many  different  "mixee"  or  comblnatlona  of  ayateme  and  non-eyetea 
activltlea,  ao  that  the  total  coata  of  varloue  real  or  hypothetical  force 
etructuree  can  be  compared.  In  addition  to  lta  lnclualve  character,  total 
force  coat  analyala  emphasises  the  apeclflc  timing  of  requirement*  for 
funda  and  other  reaourcea.  In  lta  more  Halted  tenas,  total  force  coat 
analyala  refera  to  the  coating  of  particular  ayataaa  In  the  context  of  a 
force  atructure  otherwiae  more  or  leaa  fixed.  The  coat  of  a  ayatem  thus 
becoaea  a  marginal  coat— the  change  In  the  total  coat  cauaad  by  the  addi¬ 
tion  of  the  ayatem  to  the  force  atructure. 


Total  fores  composition  is  expressed  in  terms  of  the  number  of 
•quadrone  (er  other  appropriate  unit)  at  the  end  of  the  fiecal  year  for 
each  of  the  weapon  and  support  ayateme  making  up  the  total  atructure.  /.a 
in  individual  ayetem  coat  analyala,  a  prime  objective  is  to  identify  with 
each  ayatem  the  coata  of  all  the  activltlea  generated  by  it. 


}  » 
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Phyalcel  specif lections  of  systeaui,  nuwbers  of  squadrons,  etc.,  ara 
only  part  of  tha  data  required.  In  addltlen  thara  ara  tha  kind*  of  Infor¬ 
mation  milch  Wo  have  referred  to  earlier  s§  concept  apaclflcatlona  or 
"assumptions."  Diffarancaa  in  aaauaptlona  (a.g,,  abaut  live-firings 
In  mlaalla  training)  can  laad  to  vary  larga  diffarancaa  in  caat  estimates. 
Aaauaptlona  lncluda  lnforauitlon  about  cone apt a  of  ayataa  deployment, 
training,  and  operation.  In  total  fores  analysis,  they  also  Include 
ralavanr  Information  about  ala a Ion  and  Air  Force  organisation  and  policies. 

In  dealing  with  tha  total  force,  tha  analyst  oust  draw  upon  a  such 
wider  universe  of  Information  than  for  individual  ayataa  cost  analysis 
carried  out  in  isolation.  In  addition  to  tha  rafarancaa  aantlonad  alraady, 
thara  la  a  aarlaa  of  baalc  documents  which  daasrvas  tha  analyst's  apaclal 
attantlon,  Thaaa  ara  tha  "principal  program  document*"  daacrlbad  In  Air 
Forca  Manual  No.  27-1,  USAF  Program  Frocaae,*  and  In  particular  thoaa  on 
Program  Outdance;  Baaa  Utilisation  and  Major  Deployment;  Aircraft,  Missiles 
and  Flying  Hours;  Manpower  and  Organisation;  and  Communication* -Electronics. 

INCHPUNTAL  COSTING  AND  M1M-IPW  FHOCKAWINO 

Total  force  cost  analyst*  alms  at  IncraaMntal  costing  In  Its  fullest 
sens*.  The  availability  of  existing  resources  la  taken  Into  account  In 
estimating  th*  additional  resources  required  to  add  a  new  system  to  tha 
force.  Changes  in  tha  existing  force  structure  (for  example,  the  phasing- 
out  of  a  weapon  syatam)  stay  make  resources  available  for  new  systems  being 
phased  In,  These  resources  may  be  of  any  kind,  but  especially  Important 
are  tralnod  or  partly  trained  personnel,  end  Installations  and  equipment 

♦Department  of  thu  Air  Force,  Air  Force  Hsnusl  No.  27-1,  USftF  Program 
Process  <1  May  1958),  Cheptor  3. 
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u  a  able  directly  or  after  modification.  In  total  force  cost  analysis,  al) 
resources  ere  taken  into  account  niaultanaeusly  as  wall  ss  all  the  sy start: 
and  other  actlvltion  which  are  competing  for  that*  resources. 

Figure  3  illustrates  this  principle  In  the  slrpla  case  of  two  systems 
which  (we  will  assume)  can  make  use  of  the  earns  bates,  crews,  end  other 
resources,  iw.7  squadrons  are  part  of  tha  existing  force,  and  8-58  squad¬ 
ron*  ere  being  phased  in.  Figure  3s  shews  three  hypothetical  patterns 
of  B-47  phasing.  Curve  A  corresponds  to  a  constant  number  of  9-47  squad¬ 
rons  during  tha  whola  period  under  consideration.  Curve  B  corresponds  to 
a  gradual  phasa-out  of  *-47' e,  and  curve  C  to  a  rapid  pkasa-out.  Tha 
curva  at  the  bottom  of  tha  chart  shows  a  hypothetically  programmed  phase- 
in  of  B-58's. 

Figure  3b  shows  the  associated  time-phasing  of  invaatmsnt  coats  for 
the  B-58  system.  Curve  a  (corresponding  to  curve  A)  le  tha  upper  limit 
of  costs,  with  all  bases  having  to  ba  built  from  tha  ground  up,  all  parson 
nal  having  to  be  tralnad  from  tha  baginning,  ate,  Curva  b  Illustrate* 
costs  with  B-47  basts  available  for  modification,  but  crews  requiring  full 
training.  Curve  c  illustrates  costs  with  atxleaa  carryover  of  resource*! 
has**  available  fer  modification  and  craws  requiring  only  transitional 
Uaiuiug.  Aircraft,  ground  equipment,  and  stock*  are  tharafera  tha  main 
elements  of  cost  represented  by  curve  c. 

Total  ierce  cost  analysis  provide*  for  Incremental  seating  by  estab¬ 
lishing  m  ftaSaaWotk  within  which  ail  th*  rasourcas  avail ao is  and  tha  needs 
of  the  various  systems  can  ba  considered  simultaneously  at  successive 
intervals  of  time. 

I.,  piwbtiue.  ihw  fiscal  year  is  cue  unit  or  time  employed,  and 
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Fig  3a-3b  — Incremental  costs  and 
phase-in  nhnse-out  relationships 
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juilia «r*o  ar«  developed  for  each  fiscal  year  of  tha  programnid  period. 

Tha  period  considerad  la  usually  «  long  uii«--5  of  1C  yiin  cr  sol's-- 
because  of  the  long  " 1  sad- 1 ins"  required  for  the  development  and  procure- 
uwni  of  modern  system*.  It  now  takas  some  5  to  10  years  or  mors  to  move 
from  Idas  to  operational  hardware.*  Long-range  planning  and  v>rogramalng 
of  systems  suit  therefore  take  such  periods  into  account.  !n  the  Air 
Force,  long-range  plane  and  program  often  cover  a  period  of  10  yeara  or 
more. 


costs  as  txrtmnvui  and  as  twqhh  wwmagwis 

Coats  my  be  looked  ec  ae  actual  payments  of  money  or  aa  tha  authority 
to  Incur  obligations  to  pay.  Tha  former  are  expenditures;  the  letter  le 
"obllgatlonal  authority."  Obllgatlonal  authority  is  required  before  e 
procurement  contract  can  ba  entered  Into  on  behalf  of  tha  government. 

These  two  kinds  of  costs  normally  differ  In  timing,  especially  with  reapect 
to  procurement  of  long  lead-time  Items.  The  distinction  is  usually  not  of 
great  significance  tn  comparing  Individual  weapon  systems,  but  it  Is 
Important  in  considering  chs  financial  Implications  of  total  force  struc¬ 
tures,  because  the  expenditures  Involved  are  e  large  shore  of  ell  govern¬ 
ment  expenditures.  In  recant  years  sxpandltures  have  accused  an  Increased 
Importance  largely  because  the  national  debt  has  prsssed  close  against  Its 
legal  limit,  thus  reducing  the  government's  financial  flexibility,  and 
making  it  necasaary  for  expenditures  and  cash  receipts  to  be  kept  in  near 
balance. 

Obllgetlonal  authority  is  Important  because  it  Is  the  form  In  which 

*See  David  Novlck,  "Lead-Time  In  Modern  Weapons,"  Ths  RAND  Corporation, 
Paper  P-1240,  December  26,  1957. 


Congress  approval:  cha  Air  Fores  budget.  The  total  obligetionel  authority 
desired  by  tha  Air  Force  each  yaar  for  each  of  ita  "progrema"  la  cellod 
cha  "pregraa  rsquireaesni."  Tuts  prsgtss  rsquir~?“t  consists  cf  new 
obllgatlonal  authority  atkad  of  Congraaa,  plus  that  obligati**’"1  authority 
ctjrrlad  over  fro*  prior  yaar*  which  1*  available  for  currant  uao  In  fund¬ 
ing  now  programs,  plus  relnbureeetents  for  certain  Items. 

Is  pragrrmrlng  for  future  ysars,  It  la  the  total  obllgatlenal  author¬ 
ity  vs  are  interested  in  rather  than  a  breakdown  between  now  obllgatlenal 
authority,  old  authority  carried  over,  reimbursement*,  etc.  For  this 
reason  we  will  refer  to  pregraa  requirements  rather  than  to  obllgatlonal 
authority.  Is  our  method  of  total  force  coat  ai  alyalo,  coat  eetlmatec 
are  treated  specifically  as  program  requirements  (total  obHgatlonel 
authority  to  be  available  during  tha  fiscal  year)  and  aa  expenditures  (cash 
outlaya  to  be  incurred  during  tha  flaeal  year).  Tha  former  precede  and 
generate  tha  latter. 

A  time  schedule  of  tha  physical  raseurcos  to  be  acquired  by  the  Air 
Force  is  stated  in  tarwa  of  equlpamnt  delivery  dates.  Installation  bono- 
flcial  occupancy  dates,  aquadren  activation  dates,  etc.  These  "activity 

4T5  pfSCvdwd  by  th«  pwmmraaj  ri{JUl?J2£T;tj  £Sd  *?5th 

preceded  end  foilavad  by  the  reletod  expend! cures.  For  oxoaqilo,  e  veae 
scheduled  far  beneficial  occupancy  in  1964  might  require  contract*  to  bo 
let  In  1961  end  1962  and  expenditures  under  these  contracts  during  four  or 
five  successive  flecel  yaars.  Figure  4  Illustrate*  this  relationship 
diagrammatical ly,  The  total  installation  coat  is  approximately  tha  same 


*7Iil»  ,-,o c  olflclilly  adopted  ir.  'JdA?  utege,  is  used  bscsu:; 
of  our  need  for  a  more  general  term  than  "activation  data,"  in  electronic 
dan  processing,  "activity  data*"  era  often  referred  to  mora  simply  aa 
"dalivarlas." 


In  uirmn  of  both  program  requirements  and  expenditure*,  but  tha  yearly 
Incldance  of  coat  la  dlffarant. 

riijoco  4  Illustrates  the  financial  hletory  of  a  single  inatailaclon. 
Tiia  total  force  consists  of  many  Installation* ,  systems,  ate.,  In  various 
atagaa  of  thalr  hlatory,  some  requiring  heavy  Investment,  others  being 
phased  out  and  requiring  only  relatively  email  operating  expan***.  In  any 
given  fiscal  year  there  will  be  a  number  of  cotta  incurred  on  behalf  of 
activities  whoea  uaafulnaaa  Ha*  in  tha  future,  thla  la  true  not  only  of 
research  and  development  and  training,  but  also,  aa  ahown  in  Fig.  4,  of 
auch  things  aa  conventional  Installations. 

Sod*  early  estimate*  of  total  force  costs  wsre  character lead  by 
diminishing  fiscal  year  totals  in  the  latter  yeara  of  the  projected  pro¬ 
gram,  we  shewn  by  the  eelM  line  In  Fig.  5.  Thla  falee  picture  wee  pro¬ 
duced  by  ignoring  activity  detea  which  lay  in  the  future  beyond  the  period 
of  snalysla,  but  which  would  already  be  generating  axpandlturea  before  the 
period  ended.  The  unreality  of  euch  estimates  wee  accentuated  in  the  cate 
of  program  requirements,  for  these  precede  activity  date*  more  then  actual 
expenditures  do.  The  solution  adopted  at  MMD  is  to  extend  the  period  of 
aaalyeie  to  iasluda  activity  dates  several  years  beyond  the 
for  which  a  realistic  esclmate  is  needed.  A  typical  reeult  is  indicated 
by  the  dotted  line  in  Fig,  3.  Generally  an  extension  of  two  or  tbroo 
year*  1*  sufficient  for  investment  and  operation  coate,  but,  because  of 
ths  long  lead  tlsa  involved,  a  longer  period  it  often  desirable  in  esti¬ 
mating  Innovation  coat*. 

From  what  has  already  bean  said,  it  should  be  clear  tuat  whan  wa 
•peak  of  tha  coat  of  a  total  force  structure,  wa  generally  have  In  mind, 
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not  «  lump-aum  of  some  kind,  but  a  flacnl  year  coot  which  Includci)  all 
axpandlturao  for  all  program  requirements)  for  Urn  year.  The  cost?  ol' 
altarnatlva  total  foice  structures  era  compared  In  terms  of  thalr  £ local 
year  coata  over  a  period  of  yaara.  For  the  Mr  Force,  thle  Includes  not 
only  the  coats  of  the  strategic,  tactical,  and  dafanae  missions,  and  euch 
activities  aa  the  Air  Research  and  Development  Commend  and  the  Military 
Air  Transport  Service;  It  alec  Includes  all  other  Air  Force  coats:  the 
total  of  tha  raeourcae  which  the  nation  allocatea  yearly  to  the  Depart¬ 
ment  of  the  Alv  Force. 

In  comparing  Individual  eyatema,  It  la  primarily  the  relative  coat 
of  tha  systems  which  wa  look  to  In  choosing  batwaan  them.  But  tha  coat 
of  tha  total  fores  has  Importance  aa  an  abaoluta  flgura.  For  practical 
raaaona,  largo  annual  varlatlona  In  tha  total  forca  cost  are  not  eneour- 
agad,  and  It  la  tharafors  necessary  to  program  for  a  balance  of  rasaareh 
and  development,  Investment,  and  operation  coats,  the  sum  of  which  will 
remain  fairly  stabla  from  yaar  to  yaar  and  will  conform  to  tha  projactad 
budget  limitations. 


Batwaan  tha  Individual  systems  on  tha  ona  hand,  and  the  total  forca 
on  :*..e  other,  we  may  dletlnguleh  an  Intermediate  grouping,  that  of  tbs 
major  ulaslons  of  the  Air  Forces  strategic,  defence,  and  tactical.  Cer¬ 
tain  r.cr.^systes  activities,  such  es  SAC  Headquarters,  which  are  cloealy 
Identifiable  with  a  major  mission,  are  combined  with  the  appropriate  weapon 
systems  to  make  up  tha  total  cost  of  tha  mission. 

hon -miss ion  e.ilvicUii  such  c;  those  parts  of  support  major  commands 
(Air  Material  Command  and  Air  Training  Command,  for  example)  which  cannot 
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be  allocated  to  systaus  or  Missions,  era  alto  analysed  and  tha  oatts  a » 1 1. - 
**»t«d.  Thus  totals  are  provided  far  eaeh  weapon  sr  support  system,  for 
aach  Mission,  for  all  nsn-atsslen  actlvltlss,  and  far  tha  Air  Force  ae  n 
»h»l*.  Total  f»ro«  co*t  analysis  also  atakaa  possible,  tha  eroaa-elaaalf- 
icstion  of  costa,  so  us  to  provide  subtotals  for  apaclalliad  support 
activities  cueh  at  logistic*  and  training,  and  for  tha  Major  budget  lariat 
or  apprapriatlan  "prograau." 

Uaera  of  coat  eatlMatae  frequently  hava  naad  of  anelyees  at  the 
Mleelon  level  or  other  level  or  grouping  below  the  total  forca.  figure  6 
deplete  acheaat) tally  tha  ralatlon  between  auch  an  analyala  and  tha  total 
forca  coat  analyala  which  la  It*  context.  In  ae«*  caaaa  a  aultable  total 
force  coat  analyala  will  be  already  available,  ee  that  tha  lower -level 
analyala  May  ba  accoMpllahad  by  aelaotlon  and  croaa-claaalfleatlon.  but 
If  a  aultebla  total  force  coat  analyala  In  not  available,  both  tha  portion 
of  tha  forca  under  atudy,  and  the  balance  of  tha  total  farce,  are  apecl- 
fled  and  extended  for  aeveral  year*  beyond  the  period  under  study. 

aMgiTmn«.mgu«iaaaJW?  sums 

In  eaphaatatn  -  their  lnclualveneaa  we  should  not  lost  sight  of  the 
fact  that  total  farce  seating  sstheis  auat  ba  sufficiently  rafinad  to 
reflect  the  cost  lapllcatlene  of  significant  chants*  In  structure.  And 
these  change*  arc  not  only  Materiel  changes.  Very  lMpertant  are  changes 
In  the  sssusptisns  about  dsploysant,  dispersal,  alert  status,  activity 
races,  training,  Manning,  logistics,  vtu,  "ils  ssnaicivicy  is  required, 

It  cannec  b*  bought  at  tha  prle*  of  an  extreeiely  detailed  analyala.  for 
on*  thing,  grtac  detail  1*  lMpoaalbl*  tor  satinets*  axtandlng  5  or  10  yaars 
Into  cu«  future,  for  anethar,  ton  natch  dai-alt  will  sl«u  tin  rha  progress 
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Added  in  Order 
to  Complete 
Force  Structure 


Extended  time  period 
taking  into  account 
long  lead  time  liens 


II 


Balance  of  Total  Force 
to  be  Specified  for 
Costing  Purpc-ses 


Portion  of  Force  Undsr  Study 
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of  till  analyst  a  *n.l  make  lr  Impossible  to  provld*  estimates  whan  they  are 
— Jjj ►  needed.  A  of  analysis  which  rsauiraa  two  or  thrs*  month* 

for  calculation  of  a  single  coat  aatlmat#  la  Inadequate  for  u»2t  Air  fore# 
nao.la.  Wliat  ahould  ba  at  wad  at  la  «  method  which  will  anabla  lha  analyst 
to  produce  estimate*  within  a  ouch  ahortar  tlaw  and  will  anabla  changes 
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Simplification  and  nachaaltatlan  art  Important  aide  to  rapid  estima¬ 
tion.  The  coat  taode!  nust  bi  slaplsr  than  th®  r*»l  world  If  procedures 


ara  not  to  h*  incumbered  by  tha  mat*  of  datall  invalvad  In  a  fores  i  truc- 
tura  calculation.  On  tha  other  hand,  too  great  almpllflcatlon  will  result 
In  coat  modal*  which  are  too  Insensitive  for  meaningful  use.  Tha  solution 
la  to  b*  found  In  generalised  coat  estimating  aquations  and  statistical 
techniques  rather  then  a  mechanical  "bookkeeping"  apprsach.  Ivan  ao,  a 
great  uaal  of  bookkeeping  and  detailed  calculation  ara  Involved,  and  a 
high  dagrao  of  mechanisation  lu  required.  Foi  this  purpoaa  a  large- 
taaaory,  high-apead,  digital  computer  la  employed  et 

The  enmput-r  printouts  provide  a  wealth  of  Information  which  must  bo 
aumaarUe-l  and  presented  In  a  suitable  manner,  from  ths  beginning  the 
methods  used  should  aim  at  th<i  production  of  results  significant  In  Chem- 
ealvea  and  easily  Inlsrprstsble.  Estimate*  should  be  accumulated  In  such 
s  way  as  to  facilitate  presentation  In  terms  of  fiscal  yaars,  missions, 
system*,  appropriation  costs,  and  cost  catigorles  and  their  principal 
element*.  so  important  is  ths  method  of  presenting  results  that  wa  devote 
•  chapter  to  It  later  on. 
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In  total  fores  cost  analysis  ths  basic  cost  categories  used  aro  the 


same  as  ihous  described  In  Chapter  IT  for  Individual  waapon  systems,  and 
Uiu  coating  of  sub-<_»L«*or  1*6  Is  carried  out  In  vary  »vli  tha  aa me  way. 

Son**  dlffarancaa  may  axiat  bacauaa  <>f  the  greater  uaa  of  electronic  data 
processing  in  total  fore*  coat  analysis,  but  th*  prinelplec  ar#  tha  same. 
Many  of  th*  bay  nputa  are  hand -calculated ,  hovever ,  and  th*  computers 
only  "boekkaap"  tht  result*. 

Up  to  a  paint,  th*  total  fore*  cast  la  an  aggregatlen  of  tha  caata 
of  individual  systems,  calaulatad  In  such  a  way  aa  to  taka  Into  account 
Integrated  procurement  and  Interrelations  among  systems,  In  addition, 
total  fore*  cost  analysis  takas  Into  account  and  provides  coat  estimate* 
far  tha  element*  of  supporting  ayataiu  and  non-syatam  activities  which 
do  net  enter  directly  Into  system  coate.  He  will  discus*  these  here, 
following  th*  pattern  outlined  above  In  Table  2.  beginning  with  Investment. 

Investment  Com;  Intermediate  and  Support  He  lor  Command* 

Intermediate  commend  Investment  costs  Include  such  things  as  SAC 
radar  evaluation  and  electronic  countermeasure*  unite.  Thee*  ar*  charged 
to  the  strategic  mission  as  a  whole  rather  than  to  Individual  systems. 

Support  a* .'or  coemend  Investment  cost*  Include  auch  things  as  (1)  th* 
Initial  cost  it  the  U.  S.  Air  Force  Academy  and  nev  facilities  there  and 
at  th*  Air  University;  (2)  the  Initial  cost  of  new  trainer  aircraft  (and 
related  Initial  spares)  assigned  to  th*  Air  Training  Conssand  for  gotier*! 
Air  Force  training;  and  (3)  the  initial  cost  of  new  general  purpose 
storage  facilities  at  AMC  depot*.  All  of  these  ar*  charged  a*  Invest  * 
costs  to  th*  Air  Force  as  a  whole. 

gagman  — inttrmedUts  aud  Support  Ha  lor  foangnls 

Th*  Intermediate  conmend  coet  category  lncludee  (l)  the  haadMiartars 
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of  air  division*  and  numbered  Air  Forree;  i2j  the  nesaquercers  of  csct-icsi 
B»)ur  commends  (*.g. ,  SAC,  ADC,  TAC,  USAFB);  and  (3)  verlsus  nencombat 
organisation  which  **rv*  a  tactical  major  command  a*  a  whole  (a.g, ,  par- 
tsnnsl  processing  squadron*,  radar  calibration  units,  and  statistical 
aarwlcaa  squadrons).  The  cost  of  In  termed  lets  coaammd  opsranlan  Is  com¬ 
puted  as  an  entity  for  each  of  th*  major  Air  Fore*  mission*.  For  sxamnlt-, 
th*  operation  cost  of  th*  Intormodlat*  command  strujt  .  a  In  SAC,  togothor 
with  th*  operation  coat  of  SAC  ovaraoaa  support,  la  allocated  to  th* 
•tratogl*  mission.  (On*  exception  to  this  has  already  boon  montlonodi  a 
SAC  air  division  haadquartar*  which  la  directly  related  to  a  particular 
weapon  ay a tom  has  lta  operation  coot  allocatod  to  that  ayatam. ) 

Intarmadlato  command  operation  coat*  aro  ct  ,„cad  tram  estimating 
aquatlana  whlah  relate  tho  coats  of  poraonnal,  supply,  <uad  contractual 
aarwlcaa  te  the  projactad  n unbar  of  paraonnal  in  the  various  commands, 
and  ralata  tha  casta  of  aqulpmant  oparatlon  to  projactad  activity  rates 
(a, g, ,  flying  hours  for  aircraft). 

Tha  support  major  coaaeand  cost  catsgory  includes  tha  Air  Material 
Command  (excluding  depot  maintenance  coata  charged  to  ayatama)  and  tha 
Air  Training  Command  (excluding  training  coot*  charged  to  system*).  It 
alao  Includes  Haadquartar*  USAF,  Haadquartar*  Coiamanc,  Continental  Air 
Command ,  USAF  Security  Sarvicaa,  Air  Unlvaralty,  U.  S.  Air  Fore*  Academy, 
Air  vqiC*  Accounting  and  Finance  Canter,  and  Air  fiesarv*  and  Air  national 
CAiard  program*.  (MATS  la  not  included,  because  it  is  treated  aa  a 
aaparato  "mission";  ABDC  is  not  included  because  lta  costa  are  charged 
to  reaearch  and  davelopamnt.) 

rC'V  *  A‘*  Anr.,aa*c  ^  iiiiinArr  hlaJ*»v>  .^.w^am»l  nnmr  mf  { nn  rnm F  a  ara 
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lit;  Ii~  « t  which  1  j  •^cOuttd  •tptrrtsk.r, 

i^tnar»lly  the  total  coat  for  each  category  ta  crwputed  from  estimating 
aquations  derived  freo  analysis  of  observed  variation*  tn  operation  coata 
»«  relctad  to  change*  La  f area  alia,  composition ,  rata  of  activity,  ate. 

(1)  Total  LHC  decot  naintananca  operation  coat  is  estimated  aa  a 
function  of  total  'COS  iu«l  consumption  and  average  missile  atockc  by 
flacal  yaar.  From  thla  total,  tha  depot  melGtarance  caata  confuted 
directly  for  individual  weapon  and  support  lyitctu  are  aub tract ad,  and  tha 
dlfferenca  ta  treated  aa  a  OtAF-vide,  "unallocated"  support  major  cnn rid 
operation  coat. 

(2)  Other  AWC  operation  coata  are  estimated  a a  a  function  of  total 

projected  OUT  Manpower  and  eatinated  annuel  consumption  of  centrally 
procured  supplies.  On  tha  earn  baaia  IK  operating  coata  are  distributed 
to:  (a)  Individual  weapon  and  euppor t  ay staaoa ,  and  (h)  the  a up port  Major 

errand  pert  of  the  Air  Force.  Item  (e)  represents  the  aetiaated  AMC 
operating  coat  associated  with  the  procuring,  a tor Leg,  and  distributing 
of  the  euppliaa  coaausaad  hy  tha  various  weapon  and  support  ayctaaaa  la 
carrying  out  thalr  miss loo  during  a  given  fiscal  year.  It  tea  (b)  nay  be 

la tar prated  ainilarly  for  the  support  najor  caanoend  pert  of  the  Air  Force, 
end  hence  ia  created  aa  a  WU-rlis  "use! loco tsd"  operating  cost. 

(3)  Total  annual  operating  eostt  ef  tha  Air  Training  Ciwd  are 
ccaaputed  on  the  basis  of  nuaher  of  aa tine ted  flying  and  technical  graduates 
re*«lrad  pur  flacal  year  to  supper i  tha  given  force  structure  under  ess- 
■iduratioe.  Allocation  of  these  oeata  ta  weapon  and  auppert  system  and 

to  the  support  major  command  part  of  tha  Air  Force  is  made  on  tha  seem 
t*ala.  Again,  tha  ATC  costa  assigned  to  the  support  najor  eonuand  area 
arc  treated  as  an  unallocated  1 ten. 

<4)  Operating  costa  pertaining  to  the  Air  hetlcml  Ouerd  (AbO)  end 
All,  hlltn  (Ai)  program  ere  estimated  primarily  as  a  function  cf  susbers 
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of  ssrfcnrnl  end  flying  h#ur  programs  prelected  far  these  sctlwitte*.  The 
ASS  and  AT.  casts  ss  estimated  are  tllscstsd  to  >h«  dafsnsa,  tactical,  or 
MATS  mieslen  areas  (but  nat  to  systems  within  these  araas)  eb  tha  baala  of 
tha  mission  composition  of  the  prajactad  AMO  and  A1  farce  structures, 

(S)  All  "ethar"  support  isajar  cosaaand  casta  (Air  Farce  Aceouatlag 
and  Finance  Center,  Air  University,  Hq,  UIAF,  etc.)  are  estlauited  on  tha 
basis  of  currant  USAF  prajactlans  of  Manpower  for  these  activities,* 
axuept  the  Air  Farce  Accounting  end  Finance  Center  whish  is  estimated  as 
a  function  of  pre Jested  total  USAF  Military  pereennol.  Mona  ef  theee 
costs  are  allocated  to  weapon  or  aupport  system  or  to  coskit  Mission  araas. 


.Tu  jrminHm 


At  chls  point  it  Is  helpful  to  refer  to  the  Air  Farce  rosaarsh  and 
development  program  structure  suMMarlsad  In  Tahla  12. 

In  term  of  chess  program  structure  codes  (which  should  net  he  con¬ 
fused  with  budget  codes),  categories  X,  XX,  and  XXX  of  Tahla  9  rater 
collectively  to  development  activities  coded  100  ,  200,  and  300  (weapon 
systems) ,  and  A 00  (control  cad  support  system).  Category  IF— which  ws 
arc  concerned  with  here— refers  to  reseercb  end  other  ectlvities  ceded 
300,  600,  700,  SCO,  end  000. 

The  Advaaead  Development  Program  (coda  600)  illustrates  a  special 
problem,  for  It  includes  "Advanced  tyatam."  Wdle  an  advanced  systaa 
(sv'ch  as  caKal  cr  DthA  SOAR)  Is  by  definition  net  pert  of  the  currant 
operational  systaa  develepment  pretram,  It  my  he  transferred  to  this 
program  in  the  future,  Xf  this  transfer  Is  expected  to  occur  during  the 
period  covered  by  an  analysis,  the  advanced  system  le  treated  es  If  It 
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st?  i«  »■  p«meu  is  coicta  um  ona.  *r.  tna  aniaa  w*y 


*For  Instance,  see  USAF  Fregram,  Manpower  and  Organisation.  PM-6.-1, 
published  hy  HqUSAF  (Secret). 
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AIR  FOHCS  RKSKAROI  AND  DKVKLOFMEOT 

program  ffraucrinuc  (su»«Ara) 


Program  Code 

Operational  Development a 

Strategic  $y«t«nu . IOC 

Air  Defen**  Syetem* . 200 

Tactical  fytfcma . . . 300 

Control  and  Support  3y*tems  .  400 

Operational  Support  .  500 

Advanced  Developments  .  600 


(Including  Advanced  fyatern*,  Teat  Znatrumentation, 
and  Development  Support) 


Reaearch 

Applied  Reaearch . 700 

BmIc  Reaearch  ..................  tJOO 

Casssni  Operation* . 000 


Source:  Air  force  Regulation  No.  GO-9,  Mne»*Arcu  and 
Development  Program  Structure,"  27  July  1959' 


Innovations  which  are  not  yet  part  of  either  the  operational  or  advanced 
development  program  might  property  ho  regarded  as  "syeteam"  In  raaaarch 


and  davelnrraenr  Coat  aariaostns  extending  10  Or  15  >;;r:  Into  the 

futura.  A  manned  lunar  baaa  might  ha  an  example. 

Tha  Control  and  Support  Stitau  Development  Program  (coda  A 00)  also 
peasants  a  problem,  far  it  include*  a  multiplicity  of  relatively  iesa 
cottly  system  develepmttits.  In  principle  thas*  can  be  coeted  se  individual 
developments,  using  tbs  situcei  described  am  tee  last  chapter,  sea  we  ere 
beginning  to  da  se  far  tha  more  costly  of  them.  In  practice,  however,  in 
totel  force  cast  analyala,  wo  have  coated  tha  Control  and  Support  System* 
Development  Program  aa  a  eingla  aggregate,  uaing  method*  alailar  to  thoca 
adopted  far  coating  tha  Operational  Support  Program  (code  500). 

Tebln  13  *unmarleaa  the  procedure*  which  we  have  adopted  provisionally 
for  coatleg  tha  nen-eyet*m  tatearch  and  rfavalepment  activities  Hated  In 
Table  12.  Zt  should  be  emphasised  that  work  in  this  area  la  continuing, 
that  cbw  result*  are  tentative,  and  that  the  coat  figure*  obtained  by 
theae  methods  (intended  only  for  totel  force  cost  analysis)  nr*  not  appro* 
prlata  for  programing  or  budgetary  us*. 

In  addition  to  tha  catagotl**  in  Table  13,  we  Include  several 
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SijCJjl  J**}*5'*{  1  tSSf  £**  *ah4aeap(mm  nnn _awab 

non-*yetem  installation  requirements  <i00-mon*y),  and  <t)  pay  and  allowances 
(500-tsasy)  Of  military  per ioruel  oil  duty  through* ut  AaSC. 

IigCIKQ|<IC  DMA  Ofiggiag 


electronic  processing  ci  fore*  structure  data  be:  ssds  it  possible 

*  .liUi.4  til*  CSjCUifiCinS  tifl.  TlCOta  yaail,  ^  ri  hnor,  .mi  trt  iv>.nu.  rh . 

cost  modal  in  ways  which  would  not  have  baao  practicable  with  the  use  of 


Tftbl*  13 

ooaruw  HiocKX/Taa  ra k  woft-tcrarm  rataftioi  and  DWRomnfr  ACTivrrita 


Qg4r*tton<fc|  Support 

Definition:  Operational  Support  oonelsts  of  individual  ItaM  of  equlgNent,  skills,  or  tschr.lquss 

ror  viucii  ih«r*  *■  •  rs>70lrs=±r.t;  the  tteee  *r+  not  identifiable  ee 

ocwponente  of  weapon,  control ,  or  support  ayataiM;  but  support  Air  Ibroa  tasks* 

hkvIu i  At  present  under  development  era  "Hypersonic  Altitude  sad  Airspeed  Inst rumen tet ion , M 

"Pressure  Suits  end  Aooaaaorlti,"  "J57  t  **2MA  toftne  Modification,"  "Petrol 
e<*rv»ntnjr  and  Pend  line  Poulliaent  • " 

Suggested  la t last Inc 

frocadura:  Up  to  the  present  *e  here  ext  repole  ted  the  req.ilr— nts  of  theee  activities 

ee  e  elncle  npa»l  s  meen  of  the  smount  funded  bp  th«  Air  Vhroe  In  thle  eree  over 
the  laet  three  peers,  lncresslnc  et  s  moderate  rsta  p sr  peer.  It  Is  also  Mfhly 
deslrshls  to  make  indlvldudl  lint  lies  project  ion  for  expected  hi#  oost  projects. 


MsscasUt'  ‘ax 

Dannltloni  AdniwW  aytaaa*  art,  oofimi  of  ttuljMnt,  tUUi,  an*  taohnlvw,  tko  «n**).lta  of 
uhlah  1,  unnful  u  o  Ytalcln  for  ntranotn,  t.okaoloty.  D*«l*i,  Imlopaant,  on* 
raitawUo,  of  dwwMi  vrtoi  or.  dlroriod  towrd  ntatiii,  Ik.  front). r.  of 
Mlmttflo  kaowlaAa*  an*  oolvlac  taahnloal  probl—  think  oro  teal—*  to  Ihelllteta 
tk*  mu’ lor  otl.1  —on!  of  an  operational  taxability. 

In— l«i  k'MQ  1 ..  of  'Mnml  %«tW  ouirontly  un*or  kwlopnwt  lnolute  "X-15,"  *X-l8,“ 

not.  Hilar  TUt  Win#,*  "Onu  Ml,"  ''Pu.lanr  hwn*  ttratacla  Mkr  $rtata. 

•iMUto*  Intlnotluc 

yroe**i>r*i  tmoi  by  aytaaa  projaatlon  vllk  Ux  ntalUoci  of  n«  projacta  at  a  rat,  oufftolont 

to  hoop  Um  total  fun**  In  tklo  «Upuy  laorotaln*  ot  a  — arata  rota  pa*  poor  mr 
tka  1ml  of  ft  anal  y«ur  I960. 

Tort  In  ft  plantation 

Daflnltloni  lp«UI  ofulpaant  or  t.okntfwo  r«*ulra*  to  parfora  roaaaxoh  an*  kavolopaant  toot*. 
<Im)lu*M  kotk  laatnanatatloa,  twitopw*  ant  promramt.) 

T>aaa\..i  ‘AM 1C  tan*.  Intarunaotatlw,*  “Italti-Urtkloon  Omra  Pane,*  *Rookat  fe#lM<  for 

ilaia,"  ‘Balloon  Ofonanta. 


SSt lj5h»tJn- 

•vnnaOunii  taaa  la  ‘AAra-hao!  %«taoa.* 

tmlota^rt  kao^rt 

uaxini.lcu:  Slot  ptrt  sf  s*s5m4  jayalnpunt  lmrolvlna  tka  now— In#  of  raaouroa*  for  oontr*.- 

tual  or#*nlaatlcaa  that  prortta  — olallbo*  titan) oal  anO  Mltatlflo  aftorta  nut 
uonally  aval  Labi,  attain  tha  Hr  Porta. 

tampl..:  MKO,  Unoolu  Xabotatorlaa,  Ana*r. 

ti—itta  tat  lan tin* 

IVJSgti.ra;  Pf?Ja"*  awn  aaount  Paula*  error  U>«  lata  tkrn.  yari. 
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Table  1J- -Continued 


piled  Meeerch 


Cnnplee: 


Exploration  of  knovledre.  notarial,  and  technique*  to  denonatimte  erperlwenvaldqr  a 
solution  to  an  anticipated  operational  need. 

“rtolld  Rocket  Aging,"  "Oxldltara,  Klrfi  Inar gy  StoraMaa,"  "Power  Tranaadealon 
Taohniquaa, *  “Solar  Mergy  Conversion  >v.-v*aroh,"  ’Crystal  Ihycloe." 


Suggested  gstlnatlng 


Up  .to  tha  present,  va  hare  extrapolated  the  dollar  requirements  of  thaaa  actlrltlaa 
aa  a  alngle  Otfiapiti  aaan  of  tha  aaounta  funded  by  tha  Air  tore#  In  thla  araa  orar 
tha  laat  thraa  ywarc,  increaalng  at  a  moderate  rata  par  year. 


1 


Definition;  Monarch  dlraotad  toward  an  lnoraaalnj  In  fundamental  knowledfy*  In  science.  It 

Inoludaa  theoretical  aaalyaaa,  exploration,  and  experimentation  a  load  at  a  foliar 
knowledge  and/or  undemanding  of  tha  aubjaot  under  study. 

Xxseples:  “Monarch  an  Ni<elaar  Ihammena,’  "Monarch  In  Hoc tr [magnetic  Many  Tranafer,* 

"M anarch  an  Oomsla  Radiation,*  ’Monarch  on  Behavioral  Solanoes." 

Suggested  Sotlwatlng 

Procedural  Soon  ca  Applied  Monarch. 


Definition;  Ccemand  Opnratlone  eonelet  of  two  ea  para  to  opa  ration*,  both  of  tdilah  cnauwpea* 

r»«uree*  ouch  at  wanpowar,  notarial,  and  fleollltlea.  (a)  Oanaral  fwohnloal 
Operation*  lnclud*  operation,  maintenance  and  mensgmaent  of  Air  Pore*  research 
dtralopaent  and  taat  ftclHtvef.  (b)  louaakanpin*  and  Root  Support  Include* 
Operation  ar«l  aaregmont  of  function*  related  to  air  haaa  vlng  or  (roup  alaalon. 

naopiea:  "Aoae  Air  Daraloiwant  Canter  Operation  and  Maintenance,”  *9q.  Altai  Dot-  1 

Operation  and  Maintenance,"  “Operation  of  AIMTC  Down  Mnga  Tracking  Network  by 
Pan  Anar lean, "  “Data  Collection  Rquijmant  Station  -  AJMTC  Raw  facility.” 

Suggaated  Satiating 

Procedure:  in  the  poet,  we  have  divided  the  AADC  center*  Into  two  group*!  (1)  r.ho»  which 

were  essentially  we* pen  t«*c  c*nt«r*,  end  (2)  those  Out*  corctrned  with  non- 
systaa  research  and  ‘--alopmant  actlvltlaa.  The  foratr  were  estimated  at  c 
function  el  was.-on  •  end  tha  latter  of  non-weapon  aystaw  fund*  for  *  |lv*n 

fl*c*l  y**r.  In  laceni  year*,  we  her*  Included  an  Woonu  In  weapon  *y*raa 
cast  operation*  to  Include  th*  free  support  liven  NASA  end  AAPA, 
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is&nusl  computing  svsthods.  In  RAKP  tha  program  1*  written  for  the  large 
canary  IIM  7C90  coi^iutar,  and  la  designed  for  flexibility  to  allow  for 
continuing  laprove'Mint*  In  methodology.  It  should  b«  emphasised  that 
KDP  la  not  a  substitute  for  skill  In  analysis  or  for  lnalght  In  identifying 
araaa  of  cost  sensitivity.  It  Is  a  method  which  provides  for  great 
rapidity  in  routine  calculating  and  bookkeeping  activities,  but  It  le  little 
more.  Hie  subjective  judgment  of  the  trained  analyse  contlnuee  to  be 
essential  to  successful  cost  analysis.  The  following  description  of 
processing  methods  is  therefore  offered  more  as  an  example  than  as  a  guide, 

l»8i-al  Ps;a 

Processing  begins  with  the  preparation  of  keypunch  Input  sheete.  For 
computational  purposes,  It  is  convenient  to  treat  the  date  In  four  groups, 
depending  on  whether  the  data  apply  to  the  Air  Force  as  a  whole  or  to  a 
■ingle  system,  and  on  whether  they  are  cone  tent  or  variable  fross  year  to 
year. 

Type  1— Air  Force  Constant  Data.  These  data  raprasent  a  simplifi¬ 
cation  introduced  Into  the  coat  model.  Although  In  reality  thay  differ 
somewhat  from  system  to  system,  the  use  of  over -all  figures  gives  a  result 
within  reasonable  lisit;  of  accuracy.  An  example  of  the  keypunch  sheet  le 
given  in  Fig.  7,  which  llets  the  various  Inputs. 

Typ*  * — Air  Fores  Taarly  Data.  These  data  *re  of  eevarai  kinds. 
Illustrated  by  the  keypunch  sheete  given  in  Figs.  8a  and  8b.  Flgura  8b 
•hows  personnel  ceilings  and  suppert  aircraft  dollar  coats,  In  parallel 
columns  for  successive  fiscal  years.  Figure  8a  shews  keypunch  sheets  for 
th«  conversion  factors  which  rslate  "deliveries"  (1,*. ,  activity  daces) 
tn  axnsndi lures  and  program  reeuirweeuts. 
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F  !C|. 8o  — EDP  inputs,  type  2(Air  Force  yearly  data) 


Type  3- -Weapon  and  Support  System  Content*;,  i/tia.  TheoO  utitu  Tire 
anttumblud  as  shown  in  Pig.  9. 

Some  inputs  arc  appropriate  to  all  systems;  others  relate  specifically 
t.o  Individual  aircraft,  missile  or  surveillance  systems.  The  three  typos 
of  systems  are  treated  differently  In  computing  training  and  Various 
miscellaneous  coses;  and  for  personnel  training  a  further  distribution 
la  made  by  type  of  aircraft. 

Type  4- -System  Yearly  Data,  ty  tar  the  largest  component  of  5Sf 
Inputs  consists  of  eyetem  ysarly  data.  This  will  ba  undaratood  If  it  la 
remamberaU  that  tha  total  fores  Includes  numerous  individual  tystswe,  that 
sy stains  ara  baing  more  or  lass  rapidly  phaaad  lr.  or  out,  and  that  thay  ara 
analysad  on  a  par-squadren  basis  (per-slta,  in  tha  casa  of  radar/  For 
Type  4  data  many  specialised  kinds  of  keypunch  input  data  shaata  ara 
tharafora  requlred^-usuaily  20  or  more  kind*  in  each  total  force  coat 
analysis.  Tabla  lb  lists  tha  kinds  of  ayataai  ysarly  data  ahaats  «sq>loyad 
l.i  a  typical  analysis,  and  Fig.  10  rsproducts  two  of  tha  thests. 

For  ovary  complete  analysis  of  total  fores  costa  there  la  a  sat  of 
conetant  and  ysarly  data  for  tha  Air  Fores  as  s  trttola,  and  a  sat  of  con¬ 
stant  and  yaarly  data  for  sach  of  Oia  many  weapon  and  support  tyststw. 
Complies  analysis  requires,  tharafora,  a  vary  auoatancial  amount  of  data 
preparation,  if  carried  out  iron  tha  baginning.  Cues  prepared,  however, 
auch  of  the  data  can  be  used  in  subsequent  analyses,  particularly  in  the 
study  of  altarnativa  structures  which  ara  variations  of  the  sum  basic 
pattern.  After  tha  initial  analysis,  auch  alternatives  »  ba  costed 
vary  rapidly  by  EDP  techniques. 
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Table  14 

EDP  1NFUT8:  MOT  0 1  TY PE  4  ft\TA  8UEKTS 


(System  Yearly  Tata) 


Number  of  3quadrona  Year  End 
Aircraft  per  Squadron  Year  Ikul 
Annual  flying  Hours  per  Aircraft 
Total  Annual  Flying  Hour*  per  Weapon  System 
Missile  Squadrons  for  which  facilities  Are  Net  Costed 
Pilote  per  Squadron 
Other  Crew  Officers  per  Squadron 
Missile  Officers  per  Squadron 
Total  Officers  per  Squadron 
Airmen  per  Squadron 
Civilians  per  Squadron 
Research  and  Development  Costs 
Initial  Installations  Cost,  P-300  Money 
Procurement  of  Major  Equipment,  P-100  Money 
Average  Cost  per  Missile  (millions  of  dollars) 

Average  Cost  par  Missile  (thousands  of  Dollars) 

Mltc.ll*  Procurement  Data 

Major  Equipment  Costs,  P-flOO  Money,  Surveillance 

Missile  Ground-Support,  Training,  and  Airborne  Equipment  Cost 

per  Squadron 

SAGE  Special  Services  P-400  Money 

Initial  Support  Cost,  P-100  Aircraft,  Oulded  Aircraft  Rockets, 
P-800  Missiles,  P-600  Surveillance 
Initial  Support  Cost,  P-800  Money 

Modification  and  Attrition  of  Support  Major  Coemand  Aircraft  P-100 
Money. 
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Phancs  of  Calculation 

The  operation  of  '.tic  computer  program  may  be  visualized  au  shown  in 
rig.  li.  .v  complete  "i.a.-r."  Is  made  at  the  <lnrn  In  each  phase.  In  Phase  I 
the  raw  data  ur«  put  In  and  from  them  are  computed  the  gross  requirements 
for  personnel  and  the  factors  nueded  to  adjust  personnel  requirements  to 
personnel  ceilings.  Phase  II  calculates  adjusted  personnel  requirements, 
missile  and  aircraft  inventories,  training  requirements  (number  of  person¬ 
nel),  and  elements  to  be  used  in  allocating  training  and  other  coeta. 

Phase  III  allocates  training  and  other  costs  and  computes  totals  on  the 
basle  of  dellvary  dates.  Ths  final  or  "totals"  phase  convert*  tlme-of- 
d* livery  costs  into  fiscal  year  expenditure*  and  program  requiremente. 
Results  ara  than  auammrlaed  and  printed  out. 

fxi&tnu 

The  format  of  a  printout  is  determined  by  tha  following  factor*! 

(1)  Period  of  yaara  covarad 

(2)  Typa  of  monay 
<3)  lye tarn  datall 

(4)  Cost  alamant  detail 

At  £jw©  total*  ara  often  glvan  for  aach  of  ten  auccaaalve  fiscal  yeare. 
Program  raqulramanta  which  laad  Into  the  year  pracadlng  tha  flrat  yaar 
and  expenditures  which  lag  beyond  the  final  yaar  ara  not  printed  out. 

Typo  of  monay  refer*  to  coeta  Identified  aa  program  raqulramanta  or 
expendlturea  and  broken  down  by  budget  aariea  appropriation  coda,  lyetam 
datall  rafara  to  tha  degree  of  eggragation  of  raaulta.  Totala  may  ba 
given  ivt  ui«  Air  7o.cs  a  m  uhslc,  or  for  individual  ry4t*»£.  »rmm:  of 
eyeteam,  or  mlaalons.  Coat  alamant  datall  refers  to  Innovation,  Investment:, 


and  opsrat.tcn  costa.  Totals  may  be  given  for  those  three  major  cost  cate¬ 
gories,  as  well  as  for  their  principal  elements. 

Table  IS  shows  four  typical  output  formate.  Format  One  la  the  Boat 
detailed  and  In  practice  It  la  seldom  necessary  to  seek  graatar  detail 
than  It  provldea.  However,  electronic  data  processing  makes  It  possible 
to  obtain  additional  detail  In  a  very  short  tlma  (within  the  limits  of 
the  cost  modal),  as  well  as  to  obtain  special  types  of  totals,  e.g.,  the 
costs  of  major  commands. 
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Totai  fore*  coat:  analysis  is  a  aethod  developed  for  astlaatlng  tha 
•nnuel  cost  Implications  of  proposed  forca  structures.  It  la  applicable 
to  a  wids  range  cf  studies:  of  individual  weapon  ays teat,  of  major 
missions,  and  of  whole  military  earvicaa.  In  each  caaa  tha  study  la  placed 
in  the  context  of  a  total  forcs--in  practice,  of  the  total  Air  Force.  To# 
period  of  tha  study  la  ax  tend  ad  in  tltss  so  as  to  take  into  account  tha  time 
laga  from  program  requirements  to  expenditures  end  activity  dataa.  Tha 
method  attempts  to  taka  into  account  tha  varloua  reeooi.ee  relationships 
among  weapon  and  aupport  ays  tease.  Vast  quantltlaa  of  data  art  raqulrad, 
and  alactronlc  computers  art  amployad  to  apaad  calculations  and  provida 
timely  results.  Presentation  of  raaulta  ia  complicated  and  itaalf  raqulras 
spaclal  taehnlquaa. 

Tha  course  of  analysis  is  suimarliad  achaaatlcally  In  Fig.  12.  Anal¬ 
ysis  begins  with  the  specification  of  tha  forca  composition  and  major 
operational  assumptions.  Nora  detailed  specification  of  seaumptions  con¬ 
tinues  while  tha  basic  data  are  developed  and  entered  on  keypunch  sheets. 
Computer  calculations  are  than  carried  through  various  phases,  and  tha 
results  are  reviewed  and  prepared  for  presentation. 


tOSSSfc • 


CHAPTSI  IV 


Cost  sensitivity  analysis  attempts  to  answer  th*  following  qvsntions: 
How  doe*  tha  coat  of  a  system  vary  aa  a  rasult  of  changes  in  tha  configur¬ 
ation  of  tha  syataaT  To  what  elements  (considering  operational  assumptions 
as  wall  aa  hardware  specifications)  is  tha  total  coat  of  tha  system  espe¬ 
cially  aanaltiva  or  lnaenaltlveT  Similar  questions  may  be  asked  with 
respect  to  total  force  structures. 

In  a  recant  study  carried  out  at  IAMD,  a  proposed  system  was  costed 
for  36  different  configurations,  in  Which  the  following  elasMnts  were 
varied  within  certain  ranges:  force  else,  warhead  weight,  type  of  propul¬ 
sion,  squadron  also,  fixed  or  mobile  operation,  degree  cf  dispersal,  activ¬ 
ity  rate,  and  logistice  support  concept.  Sven  with  force  alee  held 
constant,  the  other  variations  in  configuration  produced  e  range  of  system 
costs  varying  free:  e  minima*  of  110  billion  to  a  maximum  of  |21  billion. 
Repetitive  costing,  with  some  element*  of  th*  configuration  bald  constant 
and  others  varied  singly  or  in  groups,  soon  rsvoslod  tfco  element*  to  which 
costs  wars  sensitive  or  insensitive. 

Except  for  this  repetition  or  iteration,  cost  sensitivity  analysis  is 
basically  no  different  in  method  from  cost  analysis  as  already  described. 

It  benefits,  of  course,  from  techniques  which  facilitate  repetition,  such 
ss  th*  gansrslissd  cost-estimating  relationships  discussed  under  investment 
costs.  And  it  is  facilitated  by  electronic  data  processing.  As  In  othsr 
analyses,  con#l«rency  1*  important  In  cost  sensitivity  analyst*,  and  the 


ehouio  bo  careful  to  avoid  any  momuooroglcsl  bias  In  favor  of  a 


particular  system, 
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EXAMPLES  OF  COST  SnilSITIVITT  ANALYSIS 

Psrhupu  t.he  beet  way  to  describe  coat  aanaltlvlcy  analysis  would  oa 


to  give  aosie  example*  of  Its  use,  both  in  individual  system  and  totcl  force 
cost  analysis.  So  that  security  restrictions  will  not  inhibit  our  choice 
of  exsaplcs,  th*  *yet*m*  >r«  not  always  identified  and  the  charts  are  pra- 
sentad  without  numerical  values.  Nonetheless,  we  believe  that  they  will 
effectively  Illustrate  soma  of  the  basic  principles  of  cost  sensitivity 
analysis. 

Figure  13  shows  sensitivities  and  Insensitivities  revealed  by 
costing  various  configurations  of  *  ballistic  missile  system. 

(1)  The  system  coet  le  relatively  insensitive  to  increases  in  pay- 
load;  chat  is,  a  considerable  increase  in  payload  can  be  obtained  for 
relatively  email  increases  in  cost.  The  explanation  le  that  a  number  of 
the  expenelva  components  of  the  ayetem  change  little  with  increases  in 
gross  weight  of  the  missile  (e.g. ,  guidance  and  control  eyetame,  ground 
support  equipment,  end  inetellatlone  items  associated  with  fire  control 
end  flight  vehicle  guidance). 

(2)  l'i>*  ayetem  coet  le  relatively  seneltlva  to  type  of  propellent 
ueed.  The  explanation  ie  that  iiis  use  of  eolld  or  atorable  liquid 
propellents  eliminates  the  need  for  the  expenelva  storage  end  tranefer 
facilities  and  equipment  required  by  cryogenic  propellent*, 

(3)  The  ayetem  coet  le  relatively  sensitive  to  the  automation  of  the 
ground  environment.  The  explanation  la  this  case  le  that  an  automated 
environment  require*  lest  launch-sit*  checkout  equipment  and  pereonnel 
end  personnel  facilltl**. 

Figure  14  illustrate*  a  missile  system's  cost  ssnsltlvlty  to  the 


i —  Missile  system  cost  vs  poylood  for 
vorious  types  of  propellants  and 
ground  environments 
(Fixed  number  of  reuuy  missiles) 
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rellabillty  of  lto  components,  an  measured  by  the  probability  of  • 
successful  launch  ami  by  tho  averag'  length  of  time  a  weapon  could  remain 
■-•ii  alert  status  without  maintenance  (i.u, ,  "mean  time  to  failure").  Very 
significant  roductlons  in  ayerein  cost  would  result  from  improvement.*  in 
these  character  tut les;  and  tho  potential  savings  might  Justify  additional 
Innovation  coats  aimed  at  improved  component  reliability. 

Figure  IS  illustrates  a  boost-glide  system  which  is  initially  quite 
sensitive  to  increases  in  the  weight  of  the  warhead.  Tho  coat  curve 
shows  that  the  sensitivity  decreases  with  increasing  warhead  weight,  so 
that  after  a  point  wo  could  buy  substantial  increase*  in  weight  for  only 
moderate  risen  in  system  coat.  Figure  16  displays  (on  a  slightly  different 
scale)  the  major  elements  of  cost  which  contribute  to  the  total  coat  curva 
shown  lit  Fig.  15.  From  this  breakdown  it  le  apparent  Chat  the  coat  of  tha 
operational  flight  cshiclss  is  the  suet  important  element  In  the  total 
cost  curva,  although  othar  alamenta  aloo  contrlbuta  to  Its  change  of 


Figure  17  Illustrates  a  case  in  which  the  total  coat  of  a  system 
initially  daersaeaa  and  then  increases  as  one  cf  the  system  characteristics 
le  altered  coward  highs-,  values.  The  system  includes  a  number  of  satellites 
In  orbit,  and  at  their  altitude  la  Increased,  tha  coat  of  tha  system  falls 
markedly  at  first,  primarily  because  the  change  In  altitude  makes  It 
possible  for  fewer  satellites  to  do  the  job.  Sut  after  a  point  this 
saving  is  counterbalanced  by  tha  increasing  costa  of  other  comments: 
the  larger  boosters,  more  sensitive  instrumentation,  and  more  powerful 
communication  equipment  needed  for  tha  greater  altitudes,  The  point,  le 
that  the  cost  Implications  of  the  eyeteui  are  fully  revealed  only  by 
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costlng  •  wide  rung*  of  system  configurations.  Hot  only  can  th*  alopa 
of  the  cost  curve  suggest  possibilities  of  advantageous  trade-offs  between 
cost  and  system  characteristics;  in  some  cases,  points  of  minimum  cost 
can  be  located  apsrt  from  points  of  minimum  performance. 

Table  16  illustrates  cost  sensitivity  analysis  applied,  not  to  a 
single  system,  but  to  tha  group  of  system*  making  up  th*  strategic  mleelon 
in  a  r r.,  vr,  rv-.-'y,  seven  variations  of  a  basic  strategic  mlaalon  war* 
Investigated  as  par •  of  a  total  fores  cost  analysis,  Fore*  structure 
chiii  <•  “er*  proposed  as  shown  In  tha  "Number  of  Squadrons"  panel  and  th* 
cost  Imp licet Ions  were  shown  in  the  "Total  Expenditures"  panel.  (For 
security  reasons,  only  a  fav  nutsarlcal  raaults  ar>  given  hare.) 


The  systems  analyst  may  be  only  touching  the  surface  of  the  cost- 
effectiveness  problem  unices  he  studies,  not  only  alternative  system 
proposals,  but  also  alternative  configuration*  for  sach  of  the  systems 
under  analysis.  For  this  purpose  he  require*  tha  raaults  of  a  coat 
sensitivity  analysis  giving  e  range  of  estimates  corresponding  to  various 
system  specifications  and  assumptions.  This  la  aa  true  for  the  more  sub¬ 
jective  long  rang*  mllltery  planning  and  programming  aa  It  la  for  tha 
formal  systems  analysis  with  sf fsctlvsnsss  specified  and  alternative  aye- 
toms  described  in  concrete  detail.- 

In  total  force  structure  studies,  the  cost  of  a  given  structure  Is  of 
vital  interest,  but  it  is  likely  to  bo  only  a  starting  point  for  further 
investigations  as  the  original  structure  Is  adjusted  to  bring  It  within 
given  budgetary  limits  while  maintaining  an  acceptable  level  of  effective¬ 
ness.  In  this  iterative  process  of  srructur*  adjustment'.  t-pr.el  fore*  coat 


grm 


uom It Ivt ty  analysis  give*  valuable  insight*  Into  th*  choices  svsilabl*. 

Cent  sensitivity  analysis  Is  a  useful  taclmlqui  for  dealing  with 
problem*  of  uncertainty,  the  more  so  because  statistical  Methods  for 
deriving  confidence  limits  and  other  criteria  of  uncertainty  cannot  ha 
applied  generally  to  cost  estimates.  In  studying  proposed  future  systems, 
numerous  uncertainties  assst  be  raenmiaad  together  with  their  lap  act  on 
ayataa  coats.  For  example ,  there  are  uncertainties  about  tha  slsa  of  the 
system  force,  the  future  price  levels,  and  the  configuration  of  tha  svistas 
(hardware  specifications  and  operational  assumptions).  Studies  of  systems 
historical  data  have  shown  that  perhaps  tha  moat  important  reason  for 
dlffsrsncas  betwesn  early  estimates  and  final  coat*  Is  that  tha  configura¬ 
tion  of  tha  system  ultimately  obtained  differs  considerably  from  that 
envisaged  early  in  tha  program.  Coat  jmMHwIh  analysis  deals  explicitly 
with  cost  difference*  related  to  differences  In  system  configuration,  and 
It  can  therefore  provide  a  range  of  eyetem  coats  which  1*  likely  to  ba  a 
more  realistic  guide  than  a  single,  most  probjbia  coat. 


_  _  _ 
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CHAPTER  V 

PRESENTATION  OK  RESULTS 

It  la  not  enough  that  the  analyst  should  produce  timely  £nd  reliable 
cost  estimates.  Tha  data  ara  so  numerous,  the  results  sc  complex,  and 
rhalr  various  applications  still  sc  little  understood  generally,  that  the 
analyst's  work  la  only  half  dans  unless  he  presents  his  conclusions  ir. 
such  a  way  that  ih>>  car.  ha  readily  understood  end  quickly  made  use  of. 
Presentation  of  ratulta  cannot  ba  raducad  to  a  faw  rulas  to  ba  followed 
mechanically.  Preeantatlon  Is  a  fora  of  lntarpratatlon  which  raqulraa 
tha  profasalonal  skill  and  attention  of  tha  cost  analyst.  Ha  must  under¬ 
stand  and  kaap  in  mind  tha  naads  of  syataai  analysts  and  Air  Force  plannara 
and  programmers.  And  thtea  needs  will  not  only  Influence  tha  method  of 
presentation,  but  alao,  to  soma  degree,  they  will  influence  tha  analyst's 
choice  of  cost  model  and  coating  techniques. 

In  discussing  coat  sensltlvicy  analyst*  we  have  already  Illustrated 
sou  graphical  methods  for  presenting  estimates  characterised  by  a  range 
of  a  asrlas  of  valuas  arising  fro*  uncertainties  about  system  performance 
(a.g, ,  Fig.  14)  or  developed  by  varying  tha  configuration  ot  a  ayataa 
(a.g. ,  Flga.  13,  13,  17).  Table  16  displays  a  tabular  method  of  comparing 
alternative  mission  structures  built  around  tha  same  basic  elements. 

Tills  type  of  table  can  be  adapted  for  many  uses,  and  la  employed  ac  fcAMD 
for  total  forca  studies  as  well  as  studios  of  mission  structures. 

In  the  praaant  chapter  wa  will  describe  briefly  or  refer  to  a  number 
of  other  formats  and  methods  of  presentation  which  have  been  found  uceful. 

A  summary  of  coats  like  that  shown  ir.  Table  17  io  often  useful  in 
its»if  and  also  serves  as  a  convenient  method  .  recording  results  for 
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PHRSEHEATION  0?  SIOTBl  COOTS  BI  COOT  CATEGORIES 
(Porwat  for  a  Missile  System) 


Kst.baated 

Co«t 


System  Develojnent 

Preliminary  study  and  design 
Design  engineering 
Hardware  fabrication 
IK- a  tin  Tost  and  Evaluation 
Vehicle  fftbricfttion 
Captive  t*«t  operations 
night  test  operations 
Tsst  eauliment 
Instftllfttlons 

Other  tjystea  Research  and  Oevelopstent  Costs 
Depot  maintenance  and  supply 
Minor  modifications 
Miscellaneous 

TOTAL  RESEARCH  AMD  DIVILOfWMT  COIT 

II.  CWKSflMKHT  COOTS 

Installations 

Equipment 

Primary  mission 
Specialised 
Other 
Stocks 

Initial  stock  levels 
Equipment  spares  and  spare  parts 
Initial  training 
Itarmal  training 

Missiles  consulted  In  Initial  training 
Miscellaneous 

TOTAL  INVESTM&ff  COOT 


OPERATION  COOTS 


Equipment  and  Installations  RsplacssMnt 

Primary  mission  equipment 

f  XX 

$  XX 

$  XX 

Specialized  equipment 

XX 

XX 

XX 

Other  equipswnt 

XX 

XX 

XX 

Installations 

XX 

XX 

XX 

Maintenance 

Primary  mission  eoulpmsnt 

XX 

XX 

XX 

Specialized  equipment 

XX 

XX 

xx 

Installations 

XX 

XX 

XX 

Pay  and  allowances 

XX 

XX 

XX 

Training 

XX 

XX 

XX 

PusIb,  lubricants  and  propollnnts 

XX 

x:< 

XX 

Services  and  miscellaneous 

XX 

.XX 

XX 

TOTAL  ANNUAL  OPERATIOil  COOT 

ix-tx 

SEE 

joexx 

IV.  TOTAL  SIOTH-i  COOTO 

Research  and  Development  *  Xovvetuiuni  4  OpnteLiun  lot  1  yw.t  ■  Dxxsx 
Reseerch  and  Dovolopment  4  investment  4  Operation  for  5  years  $xxxx 
Research  end  Devclopmoot  4  Investment  4  Operation  for  7  years  $xxxx 
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lncorpot alion  i.i  Into):  studies. 

If  tlio  cosce  of  research  and  development ,  Investment,  and  operation 
differ  significantly  hatuenn  alternative  system*,  it  la  important  to  pre¬ 
sent  estimates  for  several  periods  of  operation,  say  3,  5,  and  7  years, 

The  cheaper  system  In  the  ihort  run  may  ba  the  more  expenalvc  In  the  long 
run  If  It  hes  greater  oporatlon  coata.  The  choice  between  eyttema  may 
therefore  turn  on  the  projected  period  of  operation.  If  the  tlma-phaalng 
of  -  jit  estimates  ic  of  particular  Inter**1’;  praaantations  based  on  Figs. 

2a  and  2b  may  ba  usad. 

For  many  purposes  presentation  of  raaulta  In  tarsm  of  the  Air  Force 
budget  code  series  Is  desirable,  and  adaptation*  of  computer  output  forms 
can  be  used  such  as  Format  Four  of  Table  1$.  The  numerical  result*  can 
be  give"  a*  *lth»r  program  requirements  or  expenditures. 

Table  18  Illustrates  a  typical  format  usad  In  preaentatlon  of  the 
summary  results  of  a  total  force  cost  exercise,  dome times  the  suwsery  Is 
presented  In  a  more  detailed  form:  for  example,  Investment  coats  e*y  b* 
broken  down  Into  Installations,  major  equipment,  Initial  stocks.  Initial 
training,  ate.;  and  operation  costs  may  ba  shown  In  terms  of  maintenance, 
pay  and  allowances,  replacament  training,  fuels,  lubricants  and  propel¬ 
lants,  etc. 

Presentation  of  total  force  cost  estimates  Is  a  particularly  difficult 
task  because  of  the  large  volume  of  data  Involved.  For  Initial  presenta¬ 
tion,  RAND  relies  at  present  on  a  combination  of  blackboards  for  summary 
data  oTiw  CvwpW  ter  printouts  for  detailed  data.  Ths  aim  Is  to  present 
results  in  a  meaningful  manner  as  soon  as  possible.  Liter  when  the  cost 
Implications  have  been  thoroughly  considered,  and  if.  necessary,  force 
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structure*  adjusted  end  system  proposals  revised,  cost  estimates  era 
placed  In  more  permanent  form  In  typed  reports  with  charts  prepared  hy 
Che  graphic  arts  department. 

KANO  makes  use  of  a  specially  designed  room  for  the  development,  pre¬ 
sentation  and  discussion  of  total  force  costs.  Figure  It  ehows  a  sketch 
of  thst  room,  basic  tabular  data  are  posted  on  sliding  blackboards  using 
a  format  similar  to  that  shown  In  Table  18.  Multiple  sets  of  blackboards 
are  arranged  so  as  to  facilitate  rapid  posting,  flexibility,  and  compari¬ 
son  of  rasults.  Storage  araa  for  computer  runs  la  provided  In  the  drawers 
and  cabmuts  below  the  blackboard  area.  A  permanent  blackboard  and  chart 
rack,  along  with  chart  storage  area,  la  contain -d  in  tins  back  wall  ehown 
In  the  lower  halt  of  Fig.  18.  Our  experience  Indicates  that  a  facility 
of  this  kind  is  of  graat  assistance  in  total  force  coat  analysis  and  in 
the  successful  presentation  of  Its  rasults. 


AKALV8I3  Of  HANPOWEH  RKOJIRBUOfrH 

mrRQWJCfiow 

On*  of  th#  key  input*  into  th*  proorae  of  oootiog  military  ootlYitU# 
i*  'th*  octinatod  manpower  needed  for  operation,  *-aintsaaaoo,  ml 
Pmotml  i  >11111' rimt*  or*  important  boom**  they  af»  a*-  -- 

diroot  computation  of  pay  and  allowance*  end  formal  training  «m to,  tut 
aloe  Indirectly  la  calculating  tb#  n?U  of  *#*•*•?.  other  tiwm*  or  u** 
poo  oyotwa  ooot.  MM  tiogothor,  thoo*  oImmoU  ougsrloo  a  olgaifleut  port 
of  th*  total  ooot  of  th*  ayotra* 

Mummer  mpli— ml*  rafloot  in  a  grant  many  ray*  th*  eharaotarlotla* 
of  o  raapon  oyotra  and  it*  operating  ooooopt.  for  anrapl*,  th*  technical 
foatura*  and  reliability  of  th*  niaoion  aqaiprant  era  rafloot**  in  th*  idad* 


of  teehnloel  «kills  and  th*  udiir*  of  poaplo  P*— **lng  th#a*  aidll*.  tot 
tidpated  rartin*  dcployorat  of  th*  cyotem  i*  raflootod  in  mtoir  and  hind* 
of  rapport  troop*  ac  rail  m  th*  gototity  of  okfcr*  peraoonal  on  hud  to  al Ira 
for  toraoltioo,  eta.  futura  apaoo  *y*toaa,  with  tboir  opralaliood  o^iiyMnt 
required  to  hoop  ran  alira  in  a  hratil*  rartrounrat,  will  goaorafeo  *p**lal 
roqoirrawito  rogording  siv  *t  training,  and  ielwda  of  tb*  apaa*  arnw.  Tin* 
it  ia  important  that  aa  an  input  to  th*  aoatiKS;  pro  bom,  ootinotoo  of  non- 
power  rufoirraont*  tah*  full  aoooust  of  th*  oKiraot.  eriotloc  of  th*  total 
oymtu- ■otpoclally  th*  major  aquipw-at  and  ft*  paak  workload  hpUM  by  th* 
operational  oonaopt. 

Th*  technical  foaturo*  and  operational  ocr^wpii  or  all  weapon  ayotrao*- 
both  currant  and  faturo— or*  *o  rtriod  that  th*  methodology  of  cotlaating 


thoo*  akillo.  tot 


on  hud  to  allow 


ts  crnrr-  -.rrilr  b®  reduced  to  aenerallaod  atatietloal 


m 


it:-:  b'j 


formulae  and  mechanical  rules.  Particularly  for  future  nystsoiB,  ectiiaatlng 
techniques  must  of  necessity  rely  to  a  considerable  extent  on  Judgment  based 
on  familiarity  with  the  engineering  features  of  the  mission  equipment  and  an 
undo ru tending  of  l»w  the  equipment  will  most,  likely  be  used  in  an  Air  Force 


organisational  rnd  operational  context. 


Manpower  requlrmeente  for  a  new  eyeteo  which  hare  been  estimated  after 
careful  study  of  information  and  data  about  the  weapon  itaelf  and  formulae 
tion  of  appropriate  military  organisational  structures  and  operational 
workloads,  will  provide  a  solid  foundation  upon  which  system  costs  o<ui  be 
ocmputed.  It  Is  iwmrtant  to  point  out  that  the  ergenlaatienal  structure 
of  equedrons,  wings,  supporting  coemends,  etc.,  that  must  be  considered  or 
designed  by  a  person  when  preparing  manpower  estimates,  fonts  the  skeleton 
around  which  many  of  the  elements  of  weapon  systems  and  total  force  st.-uo- 
ture  ooats  are  built* 

Manpower  requirements  mean  the  total  number  of  people  (military,  civil 
servloe,  or  contractor)  for  a  system  defined,  If  possible,  by  grode  end 
occupational  distribution.  Those  can  be  measured  for  oo sting  purposes 
either  in  terms  of  the  maters  mot  probably  "assigned"  or  "authorised," 
although  only  the  latter  will  bo  described  in  this  Appendix,  to  on  operat¬ 
ing  unit  and  lto  direct  support  units  plus  allooatod  raster*  of  people  in 
the  indirect  support  unite.  Manpower  for  the  operating  units  (e.g.,  de¬ 
tachments,  squadrons,  groups,  wings,  divisions  and  forces)  are  usually 
enumerated  in  detail.  Direct  support  units  are  those  that  »re  assigned  to 
the  same  using  command  (e.g.,  SAC,  TAC,  ADC)  as  the  oombat  unit.  Manpower 
for  other  units  indirectly  supporting  the  oembat  force  snd  usually  oosmand- 
eu  oy  the  support  major  commands  of  the  Air  Force  (e.g.,  AHC  and  ATC)  are 
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jggwratrf  ir<  «79t«s>  n^npovsr  sir-, -77  total*  er  sosountod  fer  indirectly 
tkruugh  «th*r  dollar  eatagerlee. 


mmmi  m  cuaarr  asaa 


for  weapon  and  support  ijntw  that  are  In  existence  or  In  effiolal 
Air  Fores  rregranalng  publications.  tha  dstsminstion  of  nunponsr  requiro- 
n»nta  is  in  »oat  oaaaa  a  fairly  straightforward  presses.  Air  Force  doov- 
asiita  usually  «dii  for  tbaaa  ey  t  imm  mum  giv*  mm  wi  i^juur  owtuoriaatiwu 

already  established  and  oenputed  by  expropriate  Military  staffs.  Tha  profelea 
is  anixOy  on*  ox  locating  tha  noat  auiriwt  author! satiari  dGGuaent  for  tha 
eenbat  vnit  and  ita  support  wits  that  ara  appropriate  to  tha  organisational 
and  aparational  ooaoapta  of  tha  study. 


Thara  ara  aewrel 


dowawirta  which  ara  designed  to  provide 


tha  Air  Foroa  with  different  Mounts  of  datailod  Information  lor  management 


planning  and  oontral.  For 


lnforaation  is 


noadad  for  weapon  ayatas  casting,  tha  following  doeusente  ara  uaafult 

(1)  (fomorly  Tablaa  of  Organisation  and  Xqulp- 
noot).  Tbaaa  doovsMnts  of  thraa  or  four  pagaa  ara  publiahad  by  HqUSAF,  and 
praaoot  Manpower  requlroamta  by  skill  (l.a.,  Ail’  fores  Spaoialty  Ooda)  and 
grade  (l.a.,  Oansral,  Colonel,  Major,  ato.)  for  nany  typaa  of  exist  lag 
equedrws.  Over  5C0  of  thoao  haw  bam  publiahad  ainoa  tha  OT  systan  mm 
adopted  ia  1955.  There  0T*s  replace  an  older  erst  mi  which  consisted  of 
T/0*s  (Tablaa  of  Organisations)  suppleaented  by  T/t>*s  (Tables  of  WLstrlbu- 
tion)  and  T/DA'a  (Tables  of  Distribution  -  Augmentation),  flows  T/O’e  are 
still  used  along  with  tha  new  OT'a. 

(2)  Unit  Hinnlnf  rn  mint  I  These  doeunente,  which  ara  revised  fairly 


HM 


,  ">raa«nt  tha  i*>st  up-to*-«)*sa  total  authorisation  of  aanpowar  by 
AP8C  and  gr«<!<j  for  upacific  unlta  of  tha  Air  fore*.  Thay  ara  proparad 
and  pulii  la*.«d  with  HqUSAF  ravlw  by  tb*  approprlata  vajor  coanand  haad> 
quartara  or  thatr  nubordtnata  haadquartara.  In  1934,  tha  U54J‘»  vara 
Inltlatad  to  ovarcoiaa  by  aoncolldation  tha  unvtaldy  natura  of  tha  T/O'a, 
T/Ve,  ana  T/uA'  ».  Svwii  with  ths  specialised  !9®,  ho***w«rs  It  wi 


nom*  specific  squadron  for  a  (pacific  day  to  monthly  IBH  machine  aunmarlea 
praparad  by  Statistical  Ssrvlcat,  Hq'JSAI, 

Svattas  with  I’auaual  Ou«ritl?ti« 

If  tha  currant  weapon  system  being  coated  assumes  an  oparatlonal 
concept  different  fro*  tha  ona  for  which  requlraannta  have  already  bean 
aatabllahed  by  the  Air  Force,  manpower  estimates  cannot  be  obtained  directly 
£r*“»  the  prewieua  smireas.  Adjuatmenta  nuat  be  mad*  to  the  man  power 
authorisation*  of  tha  basic  documents,  Thaaa  adjuatmenta  may  etam  from 
differences  In  basing  concept*,  deers*  of  dlaperaal,  malntanacc*  concept*, 
par aoaual  utlllaation  rata*L  geographical  location*,  ate.  they  con  be 
coupu.ed  either  by  making  gresa  corrections  to  total  strength  figure*  based 
on  generalised  statistical  estimating  techniques,  or  by  making  specific 
corrections  to  the  strength  figures  of  detailed  functions  within  tha  over¬ 
all  total  organisation. 

For  adjusting  manpower  requirement*  by  organisational  function*  for 
existing  ays  tens,  HlMBW  IgJjfiT.  mi  StltMiJh  **  Voxc*  W-l,  is 

vary  useful.  However,  many  unusual  oparatlonal  condition*  specified  for 
weapon  system  coating  will  bo  outsld*  the  scop*  of  this  document.  Such 
casts  require  research  on  analogous  currant  systems  in  erdtr  to  establish 
a  relationship  between  soma  unit  measurement  of  tho  workload  of  a  function 
end  the  number  of  people  required  for  that  fvcctloo. 

Table  A-l  presents  a  typical  format  used  for  sumsarlslng  retire¬ 
ment*  for  many  existing  types  of  SAC  aircraft  weopon  systems  operating 
uader  essentially  normal  workload  conditions.  A  sot  of  additional  coluans 
Is  Included  and  can  bo  ussd  to  antor  adjustments  for  unusual  workloads. 

*»or  aaemplt,  sss  Air  Force  Manual  20-3,  VKU ,  UlMSiOTl  JlUlUittliM 

ivuaiMtlsa 
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Those  njriLuu  operated  by  other  combat  major  command*  (TAC,  A5C, 

I'ACa? ,  «tc.‘  require  slightly  different  formats  depending  upon  the 
specific  organisational  acructura*  of  combat  wing*,  group*  and  aeuadrees 
authorised  lty  ch*  command.  fy*t«m*  other  than  alrcraft»Mtb  a*  mlaalle 
and  electronic  command  and  control  *y*t*m*--al*o  require  somewhat  different 
forme'.*- 

Manpownr  requirement*  derived  directly  frem  tM'u  In  partleular,  end 
0/T‘s  Is  general,  ds  set  reeeesarlly  refleet  sg?  re grists  si  locations  te 
specific  tMutymt  lyatau,  Th*  IM'e.  far  wmgls,  im  many  eaeee  repreeamt 
retirement i  fur  ayatama  which  althar  support,  or  era  supported  by,  othar 
types  of  ayitmrn  occupying  th*  sen*  beae.  A  aiabat  aquadrou  of  a  fighter 
Interceptor  aystam  may  be  assigned  aa  a  "tenant"  on  a  IAC  baea  and  receive 
aoma  of  Ita  loglctlca  awl  baaa  mipport  from  tho  "boat"  SAC  combat  wing, 
for  many  soil  studies  It  la  Important  that  theae  "Joint"  ooata,  la  terma 
of  oua*cr  of  grrsaanal,  bo  "alloeatad"  to  tho  raspaetlva  ayatama. 
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HKIHODOI/OCT  TOR  ADVANCE)  Lit  UPB-iS 
Background 

Data  oourcoo  and  tochniquou  for  estimating  manpower  requiraaents  for 
existing  systens  pro  not.  entirely  satisfactory  for  advanced  oyotema.  Hie 
more  advanced  the  system  under  study,  the  less  chance  there  is  that  proce¬ 
dures  mentioned  in  the  preceding  section  will  solve  the  whole  problem  and 
the  moi  the  attention  that  will  have  to  be  given  to  the  Initial  prepara¬ 
tion  of  the  basic  concept  concerning  the  functions  of  man  in  tha  system, 
the  military  organizational  structure,  and  the  man-machine  relationships 
that  are  critical  to  combat  effectiveness. 

This  section  describes  in  general  terms  the  procedures  used  at  RAID) 
for  preparing  the  baste  design  of  the  "personnel  subsystem"  prior  to  the 
official  <JPR I  for  the  systma,  and  for  tha  estimation  of  manpower  require¬ 
ments  based  on  this  design.  These  procedures  were  developed  by  RAND's 
Cost  Analysis  Department  primarily  for  costing  purposes  and  therefore  are 
oriented  toward  only  one  facet  of  a  personnel  subsystma— i.e.,  providing  a 
quantitative  asasurcasnt  cf  personnel  resource  requirements  as  an  input  to 
system  or  fores  structure  costing.*  The  philosophy  and  techniques  pre¬ 
sented  hare  reflect  both  work  performed  In  the  past  on  systems  which  ere 
now  entering  the  Air  Three  inventory  end  on  information  collected  to  data 
on  possible  future  equipment.  As  mors  technical  information  on  advancement* 
In  the  state-of-arts  in  equipment  design  end  operation  la  collected,  the 
following  procedures  will  be  modified. 

Personnel  flubsystma 

A  model  of  a  personnel  subsystsm  1*  shown  in  Pig.  A-l. 


I 

II 


•See  Personnel  3ub«yatsm  Management,  joint  AHDC-ATC  Policy  in  Manage¬ 
ment  of  Personnel  Subsystem  Development  for  Wespon/ Supporting  Uy stems, 

1  Peb.  I960. 
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PERSONNEL  SUBSYSTEM 


Fig.  A-t — Model  of  a  personnel  subsystem 


- 1 

'lhi.ii  In  Intended  only  as  a  simplified  visual  alii  to  emphasise  Important 
fuctorn  and  to  iihow  In tarra latiomth Ips  In  a  total  system  context.  There 
La  no  orthogonal  significance  Intended  between  the  various  sets  of  factors 
even  though  they  are  diagrammed  on  various  axes  of  a  "cube." 

Conceptually,  the  "cube"  depicts  the  resource  requirements  of  a 
total  systa»--both  the  personnel  subsystem  and  the  hardware  subsystem  in 
the  broad  aenaa.  Obviously  these  requirements  are  dependent  upon  certain 
eieaaants  or  tactors  eini  conditions  concern  lug  the  objectives  <-> ».  too  system 
The  "cube”  merely  portrays  thssa  factors  In  a  alapllflad  fashion.  The 
hardware  eubeyatem  represented  by  the  upper  right  portion  of  the  "cube" 
does  not  concarn  ua  hare,  except  for  types  of  aqulpment  descriptive  data, 
such  aa  rallablllty  information,  nssdsd  to  pradict  typaa  of  skills  and 
quantltlss  of  people.  Tha  personnel  subsystem  represented  by  the  lower 
left  portion  of  the  "cube"  show*  tha  relationship  of  tha  raeourca  raqulra- 
menta  to  what  pooplo  do  (functions),  and  tha  primary  "constraints"  that 
ara  imposed  by  tho  nature  of  the  mission,  tha  oparating  envlroraaant,  and 
Air  fores  institutional  personnel  policies. 

The  vertical  left  plane  depicts  all  functions  in  which  personnel  ara 
Involved  in  a  ayataeu  Xu  tha  aggragatad  form  shown  hers,  thay  rapraaant 
a  common  sot  of  general  functions  found  in  ovary  military  system  from  the 
point  of  view  of  e  total  systam  c oncost,  Tha  sujor  subtitles  of  command, 
operations,  malntsnanca,  and  support  describe  general  groupings  of  hoaso- 
ganous  activities  which  can  ho  defined  and  further  subdivided  into  a 
variety  of  tasks,  for  example,  according  to  standard  functional -organisa¬ 
tional  nomenclature  recognised  by  Air  force  personnel  planners.  Those 
task  subdivisions,  particularly  in  tha  operations  category,  will  depend 


.isnvily  upon  th«  type  of  weapon  or  ouppart  system  being  canoioerod.  For 
axanpla,  space  systems  would  include  certain  booster  launch  tasks  and 
satellite  date  gathering  tasks,  whereas  future  aircraft  might  Include 
aircraft  crew  teaks  end  ter tela  greund  handling  crew  tseks. 

The  third  dltaanalenal  top  plana  depicts  major  constraint*  or  para¬ 
metric  conditions  undar  thraa  cataoorlaa,  (1)  ntisrlan.  *2y  anvlronmanc. 
and  (3)  personnel  pollciaa.  Included  under  "mission"  weuld  ba  the 
general  workload  characteristic*  ot  otratesie,  dafanaa,  tactical,  and 
support  operation*  of  th*  particular  system  undar  t.£ody.  Thaaa  might 
describe  th*  length  of  the  combat  mission  Clown  by  aircrews  or  apace 
crave  ur  th*  duration  of  critical  went  tor  tug  dull**  performed  by  launch 
crewman  during  the  combat  countdown  of  a  ulaaila.  If  carried  to  the 
sot  trams  (which  la  poaalblo  much  later  la  the  development  prscees),  the 
detailed  output  of  each  task  would  bw  deecrkW)  however,  aggregated 
work  lord  s  tat  ament  a,  such  as  tbs  n&bta  of  boosters  firad  per  south  or 
tha  numbar  of  nlaallaa  arlfunctleolng  par  meuth  wi.U  ba  all  that  can  be 
daacrlbod  for  advanced  planning.  "JovircniMSC"  refer*  to  such  thing*  as 
geographical  location  (*,$.,  arctic  end  tr*plca>;  proximity  to  social  and 
Industrial  conaounltlca  and  ths  degree  of  Isolation  from  civilian  or  normal 
military  support  ftmetiane;  and  th*  typo  of  leeodlat*  physical  surrounding* 
of  the  critical  parser^'.*  1  b*;h  during  peace:!**  and  wartime.  Information 
concerning  force  alee  (!*«.,  total  numbar.  of  weapons  ccaaldared),  dagrae 
of  dispersal,  nobility,  end  critical  alert  conditions  could  be  included, 
"Pertcuael  Policies"  would  Include  utilisation  rate  (e.g, ,  eight  hour 
day  -  terty  hour  week),  21  and  OS  rotation  period,  carear  dayalopmant  and 
training,  cim*-lrt-gr*d*,  officer-airman  ratios,  grad*  structure  ratio*  by 


technical  and  nontechnical  eiowyatiomal  fields,  ui  th«  wtMt  Co  whlah 
'.vntract  services  will  b«  used  aa  a  nbstltute  far  Military  paraecnelo 


The  vertical  front  plana  depicts  the  persoonel-equlpeant  raeaurce 
raqulrnaenri  ot  Che  total  system:.  Perhaps,  typme  •>*  ekllla  K-iuld  be 
represented  by  the  personnel  eubsystao,  half  of  tha  "cub#"  and  the  other 
half  by  ic”>«  »t  anul^-ssnc  CarrrSH’Sslsi  to  the  skill  rsauireasents*  It 
la  the  Interface  batwoen  these  too  halvas*  tha  trade  off  between  nan  and 
sashi&e,  that  Is  of  great  interest  to  the  "htaaan  factors”  analyse  aa  wall 
aa  tha  operation*  analyet. 

g—ali  Htthatelac 

Tha  sequence  of  steps  that  nay  be  taken  to  develop  tha  personnel 
aubaystan  and  the  estivates  of  aanpawer  requiraaanta  ia  Illustrated  in 
fig-  A-2.  The  particular  a tap  at  which  one  begins  this  flaw  dap  and a  on, 
of  course,  tha  type  and  dagrae  of  oonplatanaaa  of  can tree  tor  and  Air  Pores 
available  docunantatlon  that  la  pertinent  to  tha  systan  under  study*  If 
a  developatent  Flan  oxlote,  it  la  nacaseary  tc  begin  a-Jly  with  the  "daeijs 
ayatan  organisation"  or  perhaps  with  "develop  task  groups." 

In  Many  cases,  tha  ayste*  Idea,  uhleh  la  rapraaantad  on  tho  chart  by 
a  wavy  line,  is  vary  nebulous,  and  perhaps  waa  only  recently  developed 
frou  rough  analytes  of  anew?  threats  and  friendly  capabilities  bated  on 
expected  advances  In  technology.  It  would  be  necessary  to  begin  wlthi 

1*  DralflP  Hiss lan  Cone— t.  This  night  Include  such  things  as  aa 
axanlnatian  of  tha  overall  military  aovlrarsaant  at  tha  tine  period  speci¬ 
fied  by  tha  syetan  Idea,  tha  coordination  and/or  conflict  with  other 
missions  for  tha  sssm  period,  and  specification  of  the  combat  capability. 
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of  combat  equipment,  ground  aupport  equipment  bane  facilities,  mainte¬ 
nance  and  loglittic  support,  parsonnwl  training,  transportation,  oecurlty, 
and  tuny  others,  have  to  be  set  forth  In  a  coordinated  description  of  thr. 
oysten  and  how  It  1*  expected  to  operate  as  an  Air  Force  organisation 
undor  peacetime  and  wartime  conditions. 


4. _ .i  .« 


environment  as  it  applies  to  the  critical  functions  that  personnel  suet 
perform  under  the  physical  anti  sttntal  handicaps  Imposed  by  combat  condi¬ 
tions.  Relative  neglect  of  the  post-sttack  environment  may  laad  to  undar- 
astlsuttas  of  manpower  requirements. 

The  number  of  weapon*  and  their  geographical  dispersal  gives  tern* 
indication,  for  ax  amp la,  about  tha  complexity  of  the  hierarchical  organi¬ 
sational  structure  required  for  over-all  coemsnd  and  control  of  tha  com¬ 
plete  system.  Tha  reaction  time  to  respond  to  an  say  tactical  warning 
postulated  for  the  system  will  Indicate  tha  utilisation  of  launch  crews— 
essentially  how  swny  people  par  shift  and  how  many  shifts  par  day  are 
requited  to  minimi  a  continuous  efficiency  of  the  mission, 

3.  Safina  system  Functions.  Tha  major  functions  of  the  eyatem  from 
factory  to  launeh  must  be  defined.  This  is  essentially  a  simplified 
"flc:r  analysis"  of  triilch  tha  activities  of  tasting,  operating,  maintaining, 
and  supporting  the  mission  equipment  are  broken  down  into  functions.  These 
should  ba  Identified  by  ttM  phases  within  tha  Ufa  cycle  of  the  system 
from  the  time  it  enters  MO  to  Its  final  use  against  an  anmsy.  They 
should  also  ba  Identified  by  general  location  (e.g. ,  teat  facilities, 
operational  launch  site,  control  room,  depot,  remote  tracking  site,  and 
contractor  factory).  This  can  be  achieved  by  study  of: 
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e.  Kngln—r  1  ng  reports  describing  Ch«  proposed  sajor  equipment. 

b.  (engineering  reports  on  analogous  current  equipment. 

c.  Demonstrations  or  Inspection  of  tha  operation  of  analogous 
equipment  In  eillltary  field  environments. 

4.  Develop  leak  Groups.  Varloua  segments  within  the  general  flow 
of  ayat eats  functlona  need  to  be  explained  In  detail.  Uaually,  those 
functions  most  directly  related  to  the  aecosepllahment  of  the  coedbat  mis¬ 
sion  are  given  the  most  ettentlon--e.g. ,  alrerewe  for  coubat  aircraft , 
launch  crewa  for  missiles,  and  radar  operators  for  surveillance  equipment. 
Next,  maintenance  functions*  such  aa  mobile,  flight  line,  organisational 
end  field*  will  require  examination.  Base  support  and  housekeeping 
activities  should  aleo  bo  defined.  Vunetlens  required  beyond  these  wore 
Ines diets  types— AMC  depot  nalntenance  and  ATC  training— can  be  treated 
In  mere  generalised  fashion.  Tha  results  of  this  analysis  should  appear 
aoaaeuhat  like  the  checklist  described  In  Table  A-2. 

3.  Paalan  System  ttraanlaat Ion.  Certain  taske  should  be  csnblned 
end  organised  into  sows  hierarchical  structure  that  represents  a  honogent- 
ous  grouping  of  activity.  This  structure  should  rscognlas  but  not  bs 
restricted  by  Air  Force  Institutional  practice  with  regard  to  organisation 
of  detachments,  squadrons,  wings,  sto,  Xntra-  and  lnter-unlt  supervision, 
both  line  and  staff,  should  be  Included  acoo.'ding  to  reason able  standards 
concerning  proper  spaa  of  control. 

These  organisation  design  problems  can  be  node  easier  by  reference 
to  the  following! 

e.  Organisational  theory  from  tha  management  planning  point  of 
view. 

b.  Oenerel  Industrial  personnel  practice. 

o.  Military  personnel  practice  with  regard  to  utilisation, 
training,  efficiency,  etc. 


-1.  t¬ 


Eaeh  of  Cho  tu--.tlon*  that 


han  boon  dufi;tc<l  in  step  five  represents  a  workload  and  required  some 
number  of  military,  civil  service,  or  contractor  pertennel*  The  deter¬ 
mination  of  the  mathematical  relationship  between  numbers  of  people 
roqulred  and  variations  of  workload  for  sNtny  »>f  •‘he  advenced  s,  stain  func~ 
tiona  can  for  the  aoct  pert  only  ba  a  judgment.  Tor  others  there  nay  be 
existing  manpowar  requirement  "eta--  trds,"  such  as  In  AFM  26-1.  Manpower 
"workloed-requircment"  relationships  for  suvencad  systems  ara  fcsing  worksd 
on  at  RAND.  The  preparation  of  thaaa  ralatlenships  should  constdar  auch 
things  as  (1'  man's  sndurancs  capabilities,  (2)  normal  Ineffective  tlsM 
on  ths  Job,  (3)  avarags  ties  lost  for  lllnass,  laavea,  and  othar  dutias 
not  Job-orlentad  but  bayond  tha  control  of  tha  worker,  ate.  Mbrkloada 
should  consldar  malfunction  rataa  particularly  for  components  of  the 
siejor  equipment  which  may  ba  estimated  from  empirical  data  on  analogous 


axlutlng  components. 


The  preparation  of 


tha  paraannal  subsystem  and  tha  planning  factors  as  described  In  steps 
one  threugh  six  should  provide  tha  nocaaanry  material  for  «  stralghtfor- 
werd  estimation  of  quantitative  manpower  raqulreasente. 


Tables  A-2  and  A- 3  show  typical  check  list  worksheets  for  the 
preparation  of  manpower  eatimatss  for  advanced  weapon  systems.  Table 
A-2  la  for  space  syatama.  Table  A-3  presents  modlflcsUono  of  psurtt 
of  the  first  list  which  may  be  useful  for  cousnend  and  control  systems. 

A  space  system  may  obviously  perform  acne  part  of  a  commend  and  control 
mission.  However,  for  MCAC"  systems  In  general,  the  functions  of  ccxmsuxl 


I 


f* 


nnd  Administration  end  certain  intelligence  op*ratlen«i  require  epactflc 
definition#  as  illustrated  In  Table  A~3- 

111*  space  system  list  suggeets  Chtegorles  of  types  of  personnel  chat 
will  most  likely  be  required  to  perform  tasks  of  testing*  operating*  taain- 
tftiuing*  administering  and  supporting  new  systems.  The  categories  are 
uot  designed  to  Owisusi  all  possibilities  and  It  i'j  recognised  that  tor 
v-urtaln  advanced  *yet-ms,  some  cetegoriae  will  not  be  appropriate  and 
others  should  ba  added. 

Although  the  check  llet  it  quantitatively  oriented  to  eatisfv  the 
used*  for  manpower  input#  to  syeten  coetlng,  tho  qualitative  implications 
of  advene ed  eyelean  characteristics  on  parsonnsl  should  not  bo  overleoksd. 
It  Is  squally  Important  to  Indicate  the  Implications  of  hardware  epeclfl- 
cstlone  on  such  thing#  aa  aklll*  experience,  and  training  requirements. 

The  objective  la  to  discover  whsthsr  tho  proposed  advanced  eye tea  creates 
say  uausu&l  depends  upon  Air  fores  manpower  raso ureas  that  will  bo 
difficult*  costly*  or  impossible  to  mtlsfy. 

In  preparing  manpower  estimates*  for  tho  categories  show*  in  tho 
chock  list,  th*  following  concepts  should  ho  kept  in  mlodt 

1.  Total  Activity  Maenpweir.  The  svor-all  objective  Is  to  determine 
the  total  additional  manpower  required  by  tho  nation  to  develop*  tost,  and 
manufacture,  maintain,  operate,  and  support  tho  complete  system  over  a 
period  of  years. 

2.  Consistence  ffqtfyTIfl  Evaluation  of  future  system  proposals 
involves  in  many  cases  the  comparison  of  alternatives.  Estimates  of  man* 
power  requirement#  for  these  alternative!!  must  ha  prepared  In  acme  consis¬ 
tent  manner  In  order  to  avoid  introducing  biases  that  may  discriminate 
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against  non*  alternative*  ralotlv#  to  other).  Sot i*  Ideas  to  lmprova  con¬ 
sistency  am: 

a,  Djyvrtt  of  caverag a  rtpraaanteU  by  tha  e«> {mates  fer  aysteat 
fat  lu  th«  fututn  tm  more  Important  than  a  high  (leaven  of 
Accuracy.  Manpower  for  all  tasks  within  the  life  cycle  of 
tha  ry*tOT>.  must  be  accounted  foi  and  doaorlbeii  in  tha  final 
repwrt, 

b ,  Sstisitss  fiheuid  rsBr»a*rtp  tots!  personnel  rctjuiirci  jn»‘  n*y«* 
fomance  of  all  conventional  taaka  on  a  standard  Mr  Force 
utilisation  rata,  aay  8-hour  -lay,  40-hour  weak,  par  man  basis. 
Taaka  requiring  personnel  working  for  longer  than  6  hour*  par 
day  must  reflect  multiple  shift*  depending  upon  weekly  dura¬ 
tion  required  to  satisfy  tha  mission  and  the  average  productive 
time  lo*t  by  persennel  due  to  lllaeee,  leaves,  etc. 

c,  Intimate*  of  manpower  requirement*  for  unusual  tasks,  such  as 
apace  taaka,  should  b*  constrained  only  by  the  physical  limi¬ 
tations  of  tha  human  oparatar  under  the  unusual  anvlranmantal 
conditions  of  space  and  not  by  an  artificial  limitation  of  a 
40-hour  waak  Imposad  era  aarth-alda  Jobs. 


Table  A -2 
Check  Liot 

(  REQUIREMENTS  FOR  SPACE  SYSTEMS 
(IlluscratlY*  KicATOplo) 
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KotlmntOB  of  Manpower  Requirements 
,  Contractor 


Per  Unit 


MW 


ghm.  shifts  unit. 


Ground  Ptrionnel 

1.  Adalnlitretlon 

e.  hfcfflSh  Complex 

(1)  Coamand 

(2)  Staff 

(3)  Admlnlotrefclon 
(w)  Other 

b.  Control  Center 
(1;  Coamcnd 
C?>  Administration 

(3)  Operation*  Staff 

(4)  Training  Staff 

(5)  iianje  Safety 

(6)  Other 

C.  wldatifc«  t* 

(1)  Coonvend 

'  r-  -  “*■ 

ww«U 

(3)  Adalnlitratiou 

(4)  Other 

<>•  foy  Asia 

(1/  Coenand 

(2)  Admlti  letr  at  ion 

(3)  Operation*  Staff 
Vh)  r-aincantnee  Staff 

(5)  suoniv 

(6)  Other 

2.  Operation* 

a.  Launch  Complex 
(lT  Pad  Crew. 

(2;  fueling  Crew* 

(3)  Complete  Crew* 

(dj  Pfenning  u  Scheduling 
*xd;  Other 
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ip! 

Ill 


!te 
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Operas  join  (Conc’d.) 
b*  control  Center 

(1)  Launch  Sequence 

(2)  Monitoring 

(3)  Checkout 

(4)  Other 
Guidance  Site 

(1)  Launch  &  Guidance 

AnH.wity 
Monitoring 
Checkout 
Other 

Space  Vehicle  Recovery 

(1)  Craeh  Reserve 

(2)  Plight  Una 

(3)  Weather 

(4)  Other 

3.  Hgintinaasg 

a.  lAUIUlbJ(fiHiS& 

(1)  Covenant 

Replacement 

(a)  Booster 

(b)  Payload 

(2)  Calibration 

(3)  Other 
-£l 

Component 
Replacement 

(2)  Calibration 

(3)  Other 

E.tat-gu»port  Bees  for 
.^lrBl>h.cmil»K  ft 
Santtgl  c,sain 

(1)  Module  Replacement 

(2)  Mobile  Malnt.  Teem* 

(3)  Bench  Maintenance 

(4)  Minor  Aesembly 

(5)  Modi  flea tien  6>  Labe. 

(6)  Checkout 
17)  General  Maintenance 

(8)  Job  Control 

(9)  Instrumentation 

(10)  Other 
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Tublc  A-i?  (Cont'd.) 


iti 
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KstlMta*  of  Manpower  Rnaulraiaant* 

Cataeorlaa _  (Military.  Civil  Service,  Contractor) 

far  Halt  Ho.  Haiti  Total  Svolaa 

- fatal  - ' - 

Par  No.  of  Par 
Shift  Shift*  Unit 


II .  Indirect  Paraanaal 


A.  Loglatlc  lupgart 

1.  Military  tupport  Malar 
Coawapda  (a.t..  AMC,  ATC) 

2.  Contractor  Sappart 

a.  "On  »lta" 

Aatiably 

!>  factory  r0a  Site" 

tonal: 

c.  Wrtlto"  Ha.lat.  A 

Is*sli 

B.  Adailnlatraf  lya  Support 
(Allocated  poreTon  a(  auparlor 

coaManda,  If  directly 
Identifiable) 

C.  Itt  iuaport 

1.  Wllltary  Impart 
(Addltionalnllltary  par- 

aaaaal  required  at  Atlantic 
&  Pacific  Taet  langee) 

2.  Contractor  Taet  Paraanaal 
(toqulroJ  for  taat  <■ 
evaluation  at  Atlantic  A 
Pacific  Toot  tango*} 

D.  Total  Indirect  Pereonnol 
III.  grand  Total  Byatwa  tteaponsr 
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Table  A- 3 

Check  List  of  Possible  Modification*  of  Table  A-2 

MAWPCTfaR  RRiUinmiaiTS  TOR  CCHHAHD  AND  CONTROL  3YOTBM8 
(Illustrative  Example) 


Otnorlf 


i.  Msaai  Eacaaaaal 


A. 


rnri  mrt  AiMnlrtratiaa 


l. 


Control _ _ 

(a)  Operational  (fore**,  weapon*,  target*) 

(b)  Financial 
(•)  Logistic* 

(3  ^  laanaalna 

(a)  Friendly  oapabilitia* 

(b)  Xnaaqr  capabilities 
(•)  liny  intention* 

S3)  Planning 
k)  Stalling 
?)  Organising 
6)  Coordinating 
b«  AtjQBRduniU. 

[1)  controlling 
in)  Logistics 
(b)  Pinaaoial 
Planning 
Staffing 
Organising 
Coordinating 


*•  AflrtiUrtattan, 

»•  it, .lint  natal  mlto 

(1)  Paaoatlo*  staff  activity  not 
(2J  Othara 

b.  ^«»JBHSEL».JSily«l 

(1)  PoacstJjss  staff  activity  net- 

(2)  Other* 


in  Mo*  1 
is  Mo.  1 


B.  QBU&lflat 


At  Istsll Irene*  Unit* 
a.  gg-^t.  WMli 

gl.antm-'sarrtatle  Missions 
Chemical  affect* 

Object* 
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WDev-aaecrcjury  Intimation 
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\  J  /  wp^niyiu  0*  I,  «4»v*  >»*— 

Atar-apharlo  ph— i— tna 
Undarw»t*r  phiiWMM 

b.  infygaUgg  faytfic  flam 
flT  InUrwI 
(2)  KzUraad 
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(2)  Httmvwst 
( 3  )  dMa  If!  oat  ion 


2. 
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b.  D«U  nr*t** 


